To:

-

Golder Associates 00073

CONSULTING GEOTECHNICAL AND MINING ENGINEERS | 177760

December 19, 1986 Our ref: 863-2041

Manville Service Corporation
12999 Deer Creek Canyon Road
Mail Stop 3-25

Littleton, Colorado 80127

ATTENTION: Mr. Marvin Clumpus, P.E., Senior Engineer

RE: UPDATED UPFREEZING COVER THICKNESS ANALYSIS -- USING McGAW (EPA)
THERMAL (LAMBDA, N, K VALUES) -- ESTIMATES FOR THE WAUKEGAN,
ILLINOIS PLANT WASTE DISPOSAL AREA

Dear Mr. Clumpus:

Attached for your review and consideration are updated UPFREEZS
estimates for those areas of the site which have a potential for
asbestos particle upfreezing through the proposed cover.

Calculations include values of strain (S) and heave fraction not
recovered on thawing (F) ranging from S=10%, F=0.1, expected typical
conditions, to S=30%, F=0.3, expected extreme conditions; also included
are values for conditions beyond expected extremes, to $S=50%, F=0.5.
Cover thicknesses from 1.0 ft to 2.5 ft are analyzed.

Thermal input parameters have been updated to be consistent with values
used by Mr. Richard McGaw in his letter report to Mr. Brad Bradley,
dated December 5, 1986.

The focus of results are the R100 estimates. These are the estimated
reliability (probability) that the cover upfreezing capacity is or
exceeds 100 years.

Updated Thermal Input Parameters

Updated estimates use values for LAMBDA (;l* n_) and N-FACTOR (n_ )
identical to those used by EPA's upfreezing coﬁsu]tant. Mr. RichSrd
McGaw, in his letter report to Mr. Brad Bradley, dated December 5, 1986.
Mr McGaw used the following values in his calculations, resulting in a
recommended 26 inches of required cover:

LAMBDA = 0.7 * n _ (= 0.85) = 0.60
N-FACTOR = n, = 0.65
LAMBDA*SQR[N-FACTOR] = 0.60 * 0.81 = 0.48
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Identical values (with a zero standard deviation (SD), the same as
McGaw's calculations) are used in the attached UPFREEZS output. Note our
original values for these parameters (UPFREEZS output transmitted to yau
October 27 and November 6, 1986) were about 46% more conservative
(higher frost penetration) than McGaw's numbers.

Also, our original average thermal conductivity (Kf) parameters were
about 15% to 40% more conservative (higher frost penetration) than Mr.
McGaw's December 5, 1986 values (as he used in his modified Berggren
equation calculations). Therefore, I have set the plus-one standard
deviation error on K to zero. This will reduce some (but not all) of the
relative conservatism in K values. To reduce Kf to Mr. McGaw's K values
would give Kf too low a value to be consistent with Kersten's
correlations, the candidate cover soil, and freezing conditions.

A1l other thermal and upfreezing input conditions and assumptions are
jdentical to the UPFREEZS5 output transmitted to you on October 27 and
November 6, 1986. However, R50 has been replaced by R100, as explained
next.

R100 (100-Year Reliability) Estimates

Based on the discussion of “"permanence" during the USEPA/IEPA/Manville
meeting of December 16, 1986, I have modified UPFREEZ5 to calculate and
display R100 instead of R50. This updated version of UPFREEZ5 is called
UPFREEZ5Y. A1l other calculation procedures and assumptions are
unchanged from UPFREEZS5X.

R100 is the estimated probability (reliability) that:

Upfreezing of “"critically sized" (i.e., X - A < 0.3 ft) asbestos
particles initially at the worst-case location (top of waste pile
or bottom of cover) will take 100 years or longer.

R100 is the complement of the estimated 100-year failure probability,
F100, that is:

R100 = 100 - F100 [with R100 and F100 in %]

F100 is the estimated probability that upfreezing of “"critically sized"
asbestos particles initially at the worst-case location will take less
than 100 years.

We are more interested in obtaining success (reliability) than failure;
therefore, R100 is a more appropriate parameter to display than F100.

However, since (with certainty) F100 equals 100% minus R100, estimated
failure probabilities are very easily and obviously obtained from R100.

A1l updated estimates make the assumptions shown on the program
UPFREEZSY computer output. Variables, symbols and their relation to
object upfreezing are defined, as before, using the upfreezing equatior
(Eq. 1) in Table 1.
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Updated estimates shown on the attached UPFREEZSY output indicate the
following for cover thicknesses up 2.2 ft (26 inches).

o For what we expect to be typical site conditions, moderate-
heaving, moderate-stability cover (S=10%, F=0.1) provides an R100
(100-year reliability) of 100% for all cover thicknesses exceeding
0.3 ft.

o For extreme site conditions, representing the expected worst-case,
resulting in high-heaving and poor-stability (S=30%, F=0.3) cover,
R100 estimates are:

- 98.9% for 1.5 ft of cover
- 99.4% for 1.6 ft of cover
- 99,8% for 1.7 ft of cover
- 99,9% for 1.8 ft of cover
- 99.96% for 1.9 ft of cover
- 99,994 for 2.0 ft of cover
- 99.995+% for 2.1 ft of cover

99,.995+% for 2.2 ft of cover

The 2.0 ft cover gives an increase in R100 of 1.10% over the 1.5
ft cover, for this worst case situation.

o R100 increases with very high-heaving soil, S > 30%. Worst-case or
most-conservative S (strain) is about 20% to 30%. That is, for
given F, beyond an S of about 30% upfreezing time increases; such
very high strains are less conservative than S = 30%. Arguments
that S should be higher than 30% are, therefore, irrelevant.

o Sensitivity of R100 (100-year reliability) to S and F values
beyond expected extremes (up to worst physically possible heave
strain, $=100%) shows:

1.5 ft cover R100 exceeds 96% for all
00% and F < 0.5 and exceeds 98.8% for all
«3.
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Please call if you need any clarification, elaboration or further
discussion.

Sincerely,

GOLDER ASSOCIATES

Lol f Ve

Charles L. Vita, P.E.
Senior Project Manager

CLV/111/151
Attachment (UPFREEZ5Y output)

Golder Associates



Table 1
Upfreezing Equation (Eq. 1) and UPFREEZ5 Output

U= (X-A-T)*S*F*(

U = Upfreezing distance of buried object. In program UPFREEZ5 U is the cover increment
(0.1 ft) for DELTA and H1=TCT for UP.YRS for total cover thickness TCT.

X = Projected length of buried object.
Note all projected lengths are perpendicular to the freezing front--i.e., vertical for

flat ground and for sloping ground inclined from vertical toward horizontal by the
slope angle of the ground.

A = Projected length of buried object required for adfreeze to overcome anchorage before
uplifting can occur.

I = Projected length of buried object below maximum depth of freezing front. T is a

— function of object depth below top of cover. T and C are functionally related.

Note (X - A - T) is the effective portion of the object over which frost heaving can cause
upfreezing. (X - A) is called EPS.UF in program UPFEEZES.

S = Average heave strain over the distance (X - A - T).
F = Heave fraction not recovered on thawing.
C = Effective number of complete freeze thaw cycles over the distance (X - A - T). C is

modeled as a random variable to reflect the uncertainty in future yearly thermal
loads (freeze indexes, FI) and thermal capacity of the waste pile and cover soil (to
maintain frost out of the waste pile or maximize T). Thermal loads are modeled using
a lognormal distribution based on a conservative interpretation of 1949-85 Waukegan
FI estimates. Thermal capacity (TC) is modeled using the modified Berggren equation
and thermal geotechnical assumptions, as stated on the program UPFREEZ5 output. In
UPFREEZS C, is estimated as FP (probability of having frost to the depth Hl in any

~— year) and FPY (return period for a frost table at Hl). Results are displayed as
averages (AVG) + a coefficient of variation (CV%).

Program UPFREEZ5: 1. Searches for (X - A - T)*C which maximizes U for given S and F,
subject to (X-A)<EPS.UF, Maximum (X-A) is displayed as H3M. 2. Calculates average years
to upfreeze through an increment (set=0.1 ft) of cover, DELTA, estimated as [0.1/(X-A-
T)*C*F*S]. 3. Calculates average years to upfreeze the object, UP.YRS, as the sum of
DELTA for Hl from 0.1 to the total cover thickness, TCT. A minus one standard deviation
estimate, LBOND, an absolute lower bound, ABD, and the estimated reliability (probability)
that upfreezing through the cover will take 100 years or more, R100, are also calculated
and displayed.

A more refined estimate for years of protection against upfreezing for a cover of
thickness TCT is UP.YRS for H1=TCT using cover thermal properties plus the difference in
DELTA for H1=TCT between UP.YRS for the cover thermal properties in H3 and UP.YRS for
waste pile properties in H3.

A1l estimates are conditional on S and F, and EPS.UF.
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.'KXXXXXXXXX*XXXXXXX!XXXXXX*XXXX PROGRAM UPFREEZ2SY XXEXEXEXEXEEXEXEXXXXXEXXXXXEY
SAVED UNDER FILE NAME: UPF1-3Y DATE: 12-18-198&
' TIME: 1S:5S5:5@

PROBABILISTIC GEOTECHNICAL THERMAL ANALYSIS
1-LAYER FINE-GRAINED COVER SYSTEM

MODIFIED BERGGREN EQUATION WITH KERSTEN K’S
PROPERTIES OF COVER

COVER LAYER DRY DENSITY=188 PCF, WATER CONTENT =26.34 (8@% SAT) 1883 5=25.4%
AVERAGE HEAVE STRAIN = 10X TO SeX

FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 8.18 TO 6.58
LAMBDAXSARIN-FACTOR]: AVG=6.48; SD=6.66

(COVER AND WASTE FILE USE THE SAME VALUES)

PROPERTIES OF WASTE PILE

FINE-GRAINED SOIL

UNFROZEN DRY DENSITY 166. [PCFl, WATER CONTENT = 208 (86X SA&AT) 1@ S=2Sw
AVERAGE HEAVE STRAIN 164 TO S6x

FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 2.10 70 0.5

THERMAL LOAD INFORMATION

FREEZE INDEX (FI) FOR WAUKEKGAN ASSUMED LOGNORMAL WITH MEAN & STANDARD DEVIATION

FROM HISTORICAL DATA 1949-58 TO 1984-85 EXCEPT 1982-83 (TOTAL = 35 YEARD)

LOGNORMAL FREEZE INDEX (THERMAL LOAD) : MEAN=843, MEDIAN=&@R, SD=328, CV=0,37%,
SDILN FI11=86.3865, SKEWNESSE=1.277 HOWEVER :

CONSERVATIVE LOGNORMAL ENVELOFE USED FOR FREEZE INDEX: MEDIAN = 875, MEAN = 935

SDILN F1] =@,3&%
ALL YEARS HAVE HISTORICAL FI FREGUENCY <= FORCASTED (PREDICTED) PROBABILITIES
(1983-84 [FI=12088) LIES ON THE ENVELOPE ALL OTHER YEARS ARE BELOW)

OBJECT UPFREEZING INFORMATION--EQUATION: U= (X ~-A-T) ¥ 8 XRZXC ~’

UPFREEZING ASSUMPTIONS:

EFFECTIVE PARTICLE SIZE (X - A) IS EPS.UF = @.38 FT

AVERAGE HEAVE STRAIN (S) = 1@ X TO 58 %

FRACTION OF HEAVE NOT RECOVERED ON THAWING (F) = @.10 TO @0.5a

EFFECTIVE NUMBER OF COMPLETE FREEZE THAW CYCLES (C) = NUMBER OF FREEZE SEASONS
(YEARS) % P.H3

X¥NOTE: BOTH C AND P.H3 ARE DEPTH DEPENDENT
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UFFREEZSY -- 12-18-1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX¥¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXX¥¥X

ORJECTS HAVE (X - A) = ©.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOF OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.,34S

H! = DEPTH OF COVER ABOVE OEJECT, STARTING AT HI=TCT [FT1l -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (88X SA&T) Ki=&.a1
FROZEN DRY DEN3, = 98 PCF, WATER CONT.= 29.7% C/L=.80885 L=34T& KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN: -

H3 = WASTE FILE OF SOIL-~-HAVING:

UNFROZEN DRY DENS.=1@6@8 PCF, WATER CONT.= 28.3% (88X SaT) KU=a,21
FROZEN DRY DENS. = 2@ PCF WATER CONT.= 29.7x C/L=.0@E85 L=Za&52 KF=1.,1&
BO™ COVER AND WASTE PILE USE HEAVE STRAIN, & = 18, I OF MAX L
NEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.1@,

LAMBDAXSQRIN-FACTOR] = .48 (AVG) .e@ (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF“S AND + @X - 284 ERROFE IN KF-
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=8.04

o

FPv = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN FPERICD
UP.YRS = ESTIMATED YEARS FOR QBJECT UPFREEZING FRCOM Hi{ (FOR H1 PRCOPS IN H2) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA”S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < @6.3@ FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ QR - CUVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1| STANDARD DEVIATION LOWER BQUND (LB,
ABD = ABOND = ABRSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR aND EFPS,UF
Ri@@ = EST'ED RELIABILITY (PROBARILITY) UF.YRS EXCEEDS 1@@ YEARS

COVER THERMAL PROFERTIES IN H2 (R1.2=0D WST"PILE
FT F-DEGXDAYS PROB. =—==-———w-- YEARS —-=-————ee- PROE.% YEARS FT YEARS
H1 _ fCAVGLCVY, FPAVGACVY FPY UP.YRS CV4 LBOND AEBD R1@4 DELTA H3M DELTA
1.0 408 14 .976 1.9 1 35e 6.2 349 333 1i@wv.00 47 .2 4¢
1.1 493 14 .931 4.9 1 403 6.6 40@ 387 1e6e.0a S5Y .3 5¢
1.2 587 14 .8%1 9.9 1 472 1.7 464 400 1606.68a g1 .2 au
1.3 689 14 .737 16.7 1 572 3.8 oS8 433 1ea.ea 119 .3 118
1.4 799 14 .681 24,6 2 721 7.5 &&8 447 108.048 179 .2 17a
1.5 P17 14 .443 32.9 2 9S2 12.8 83a See 160.aa 282 .2 2e1
1.6 1044 14 ,337 41.2 4 1330 2.6 18432 S33 100.00 474 .2 472
1.7 1178 14 .233 49.6 é 1986 28.7 1417 547 100.640 337 .2 &34
1.8 1321 14 .154 54.1 9 3183 38.8 1972 sea 100.00 1884 .2 1545
1.9 1472 14 .897 62.3 1?7 54357 47.3 2877 433 tee.ae 29758 .2 2977
2.8 1630 14 .@5% &7.8 31 99386 55.7 4483 647 106@.00 S7s4 .2 Sye?
2.1 1798 14 ,83%5 72.4 &0 18882 42.9 7609 700 108.6@@ 11927 .1 11va9
2.2 1973 14 .ez@a 74.4 119 37855 48.9 11535 733 1006.00 24428 .1 24z124a
2.3 2156 14 .011 79.8 244 748568 73.8 19592 767 100.890 S1171 .1 S1ags
2.9 2348 14 .804 82.46 512 155e9? 77.9 34245 86 1ee.808 189325 .1 1@714%
2.5 2548 14 .@03 85.8 1693 328434 81.3 41522 833 184.88 237345 .1 238955
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' THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- FROGRAM UFPFREEZSY -- 12-18-1984
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XX%X¥X YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS Xxxx¥%%

OBJECTS HAVE (X - A) = 0.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF> STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.34S

H1i = DEPTH OF COVER ABOVE ORJECT, STARTING AT HI=TCT [FT] -- FINE-GR~INED SOIL
UNFROZEN DRY DENS.=1088 PCF, WATER CONT.= 208.3% (80X SAT Ku=w@.e1
FROZEN DRY DENS. = 908 PCF, WATER CONT.= 29.74 C/L=.8883 L=3458 KF=1.15

H3M = ORJECT LENGTH FOR MAX UPFREEZE, STARTING IN: .

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=1086 PCF, WATER CONT.= 20.3% (88% SAT) KUu=e .81
FROZEN DRY DENS. = 98 PCF WATER CONT.= 29.7/4 C/L=.00685 L=3&%523 KF=1.15

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 103, ¥S OF MaxX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F =
LAMBDAXSQRIN-FACTOR] = .48 (AVG) .68 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + 8% - 257 ERROR IN KF‘S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.80

0120, u

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN FERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H! (FOR H1 PROPS IN HX RUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ ©.3@ FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CU) OF YEARS TO UPFREEZE THRU COVEFR
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R18@ = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 1@@ YEARS

: COVER THERMAL PROPERTIES IN H3 (R1.3=1) WET“FILE
F_ F-DEGXDAYS PROB. =  ==——me——m- YEARS —==—m——emm PROE.%  YEARS FT  YEARS
H1 TCAUGKRCUY FPAUGNCVY  FPY  UP.YRS CVX LBOND ABD R1ee DELTA H3M DEL"

1.6 488 14 .976 1.9 1 175 8.2 175 167 1@6.0@ 23 .3 >’
1.1 493 14 .931 4.9 1 201 8.6 208 183 100.00 29 .3 2%
1.2 S87 14 .851 9.9 1 236 1.7 232 28@ 100.00 48 .2 a@
1.3 689 14 .737 14.7 1 286 3.8 275 217 180.00 68 .3 S5
1.4 799 14 .681 24.6 2 341 7.5 334 233 106.66 8y .2 a9
1.5 917 14 .463 32.9 2 476 12.8 415 25@ 1@d.00 141 .2 141
1.6 1844 14 ,337 41.2 4 665 Z8.8  S32 247 1066.80 237 .2 236
1.7 1178 14 .233 49.9 é 993 28.7 788 253 18@.00 419 .2 417
1.8 1321 14 ,.154 S4.1 9 15%1 38.8 986 380 100.00 777 .2 773
1.9 1472 14 .897 62.3 17 2729 47.3 1439 317 100.9@ 1477 .2 1438
2.0 1638 14 .859 47.8 31 49468 S5.7 2202 333 100.00 2982 .2 2943
2.1 1798 14 .@35 72.4 60 9441 42.9 3505 35@ 100.00 S$944 . 1 5954
2.2 1973 14 .020 74.4 119 18527 2.9 S76& 347 100.88 12218 .1 1219@
2.3 2156 14 .e11 79.8 244 37425 73.8 9794 383 180.88 25524 .1 25544
2.4 2348 14 .884 82.6 512 7754% 77.9 17132 408 106.88 54663 .1 54573
2.5 2548 14 .8@3 85.@ 1893 144217 81.3 38741 417 120.808 118673 .1 118477
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-195¢&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥X¥XX% YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS Xxxxxx

OBJECTS HAVE (X - A) = ©8.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = %37 SD.LN=,365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 20.31 (88X SAT) Ku=@.,&1
FROZEN DRY DENS. = 9@ PCF, WATER CONT.= 29.74 C/L=.,8085 L=3632 KF=1,15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SQIL--HAVING:

UNFROZEN DRY DENS.=188 PCF, WATER CONT.= 20.3% (8@X SAT KU=@.81

FROZEN DRY DENS., = %@ PCF WATER CONT.= 29.7%4 C/L=.088% [ =3458 KF=1.15&
BOTH COVER AND WASTE PILE USE HEARVE STRAIN, S = 1@, ¢S54 OF MAX L
W =AVE FRACTION NOT RECOVERED ON THAWING, F = @.3@,

LAMBDAXSQRIN-FACTOR] = .48 (AVG) .88 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @4 - 254 ERROR IN KF-S
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K2.F, R1.3=2.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEFTH H1 AND RETURN PERIOQD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi1 PROPS IN H3» BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < ©6.38 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\%) OF YEARS TO UPFREEZE THRU COVER
LBOND 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = AEROND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOQUVER FACTOR AND EPS.UF
R16@ = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 1é@ YEARS

n

o COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST”PILE
F+~ F-DEGXDAYS PROB. —  ==—=e=——- YEARS -=--————=—- PROE.% YEARS FT YEARS
H1 TCAVGKCVA FPAVGACVY FPY UP.YRS C\V< LBOND ABD R1iva DELTA H=M  DELTH
1. 468 14 .97 1.9 1 117 0.2 116 111 100.e8 16 .3 15
1.1 4732 14 .931 4.9 1 134 @8.6 133 122 teo.oe@ 28 .3 29
1.2 587 14 .851 9.9 1 157 1.7 155 133 1e@e.aa 27 .2 27
1.3 68% 14 .737 16.7 1 191 3.8 183 144 180.0a 48 .3 39
1.4 799 14 .681 24.6 2 248 7.5 223 158 le6.aa 68 .2 Sy
1.5 P17 14 .443 32.9 2 317 12.8 277 187 1ee.e@ ?4 .2 ?4
1.6 1644 14 .337 41.2 4 443 20.80 354 178 lew.ee 158 .2 157
1.7 1178 14 .233 4%.90 ) &82 28.7 472 189 1060.00 288 ,2 278
1.8 1321 14 .154 54.1 14 1661 38.0 657 208 108.06 518 .2 S18
1.9 1472 14 .897 62.3 17 1819 47.3 959 211 le6e.ea ?y8 .2 y572
2.0 1638 14 .859 47.8 31 3312 55.7 1448 222 100.048 1988 .2 1976
2.1 1798 14 .835 72.4 68 6294 &2.9 23346 233 10e.e6 3976 .t 3976
2.2 1973 14 .028 74.4 119 12352 48.9 3845 244 1006.00 g814e .1 8127
2.3 2156 14 .81t 77.8 244 247568 73.8 4531 256 1e0.8e@ 17657 .1 1702¢%
2.4 2348 14 .868 8Z.¢4 S12 S17e6 77.9 11422 267 100.00 34442 .1 36382
2.3 2548 14 .083 g85.0 1893 189478 81.3 20587 273 100.08@ 79115 .t 785825
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-198¢
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XX¥%%¥%X¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXxXXX%¥

OBJECTS HAVE (X - A) = 8.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 ZD.LN=.345

H1i = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=1068 FPCF, WATER CONT.= 28.3X (88X SAT) KuU=@,81
FROZEN DRY DENS. = 9@ PCF, WATER CONT.= 29.7% C/L=,008S L=3£58 KF=1.15

H3M OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=1@0@ PCF, WATER CONT.= 26.3% (88X SAT) KU=8.81

B FROZEN DRY DENS. = 9@ PCF WATER CONT.= 29.7X C/L=.0868% |=3458 KF=1.1S
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 16X, P37 OF MAX L

HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.48, e’

LAMBDAXSARIN-FACTOR] = .48 (AVG) .88 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’'S AND + @¥ —- 254 ERROR IN KF-’S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FPY = AVUG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN FERICD
UP.YRS = ESTIMATED YEARRS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA‘S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 8.36 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW{» OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR aND EPZ.UF
R186 = EST“ED RELIABILITY (PROBABRILITY) UP.YRS EXCEEDS 1a8 YEARS

. COVER THERMAL PROPERTIES IN H3 (R1.3=1) WEST“PILE
FT F-DEGXDAYS PROB. W —==—————- YEARS -----e—eem PROE . YEARS FT YEARS
H1 TCAVGLCVA FPAVGLCVHL FPY UP.YRS CV/A LBOND ARD R1iae DELTA HEM DE

1.0 488 14 .976 1.9 1 87 0.2 87 83 a.00 12 .3 \Tﬁ
1.1 493 14 .931 4.9 1 i61 8.6 je@ %2 84.27 15 .3 15
1.2 587 14 .851 9.9 1 118 1.7 116 1068 1ev.ee 28 .3 26
1.3 489 14 .737 16.7 1 143 2.8 138 16& 1@0.a0 3¢ .3 30
1.4 799 14 .é6@81 24.6 2 188 7.5 167 117 1v6.68 45 .2 45
1.5 P17 14 .463 32.9 2 238 12.8 207 125 10@.00 71 .2 ’a
1.6 1844 14 .337 41.2 4 332 26.8 264 133 l1ee.adq 118 .2 118
1.7 1178 14 ,233 49%.6 é 497 28.7 354 142 1@a.e0 218 .2 2%
1.8 1321 14 .154 5é6.1 4 796 38.60 493 1560 l@e.eaq 8e .2 3B&
1.9 1472 14 .897 62.3 17 13464 47.3 719 1S58 10@.00 749 .2 744
2.8 1636 14 .659 &7.8 31 2484 SS.7 1101 147 106.080 1471 .2 1482
2.1 1798 14 .835 72.4 4@ 4720 &2.9 1752 175 l1ea.e@e 2982 .1t 2977
2.2 1973 14 .828 746.4 119 9244 48.9 2824 183 10a.00 6185 .1 &89S
2.3 2156 14 .011 79.8 244 18713 73.8 48%8 192 1060.88 12793 .1 12772
2.4 2348 14 .8@6é 82.6 512 38775 77.9 8544 200 100.00 27331 .1 27236
2.5 2548 14 .0032 8S.0 1873 82168 81.3 153508 208 100.00@ 59336 .1 592379



S=18x% F=u0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-198¢&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXX%X¥%¥ YEARS TO UPFREEZE OBJECTS THRU COVER ~- PRELIMINARY RESULTS XXXXxX

OBJECTS HAVE (X - &) = 08.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,36%5

H1 = DEPTH OF COVER ABOVE QBJECT, STARTING AT HI=TCT [(FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=1088 PCF, WATER CONT.= 28.3%4 (808X SAT) KUu=@8,&1
FROZEN DRY DENS. = 9@ PCF, WATER CONT.= 29.74 C/L=.80885 L=3638 KF=1,19

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=1060 PCF, WATER CONT.= 2@.3%x (88X SAT) Ku=@.81
FROZEN DRY DENS. = 98 PCF WATER CONT.= 29,74 C/L=.0885 L=3&58 KF=1,15
BOTH COVER AND WASTE PILE USE HEARVE STRAIN, S = t@x, 9574 OF MAX L
{IEAVE FRACTION NOT RECOVERED ON THAWING, F = ©8.50,

~LAMBDAXSGRIN-FACTOR]) = .42 (AUG) .88 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @Y - 254 ERROR IN KF’S
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1.3=8.06@

FPY = AVG YEARS TO FIRST FROST PENETRATION TQ DEPTH H! AND RETURN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROFS IN H3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN CGEBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < @.3@8 FT
FOR HI=TCT: UP.YR3S IS AN ESTIMATE (+ OR - C\%> OF YEARS TO UPFREEZE THRU COVER
LBOND 1 STANDARD DEVIATION LOWER BOUND (LB),
ABRD = ABROND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R180 = ESTED RELIABILITY (PRCOBAEBILITY) UP.YRS EXCEEDS ta@é YEARS

: COVER THERMAL PROPERTIES IN H3 (R1.3=1) WSTFILE
.. F-DEGXDAYS PROB. =—---=--e- YEARS -—-----ee- PROB . YEARS FT YEARS
H* TCAVGLCWA FPAVGACVY FPY UP.YRS CV¥ LBOND ABD K108 DELTA HEM DELT#A
Ia 468 14 ,974 1.9 1 76 0.2 70 &7 e.60 ? .3 ?
1.1 493 14 .931 4.9 1 81 @.é6 g8a 73 6.00 12 .3 12
1.2 587 14 .851 9.9 i 4 1.7 ?3 8@ e.a3 16 .3 16
1.3 48% 14 737 16.7 1 114 3.8 116 87 99.95 24 .3 <4
1.4 799 14 .661 24.6 2 144 7.5 134 %3 1066.68 36 .2 3é
1.5 217 14 .483 32.9 2 198 12.8 146 1606 1806.60 54 .2 )
1.6 1844 14 ,337 41.2 4 2646 20.0 213 1067 166.00 S .2 94
1.7 1178 14 .233 49%9.@ 4 397 28.7 283 113 1@@.a@ 168 .2 167
1.8 1321 14 ,154 S5é.1 9 637 38.8 394 1268 1@o6.e6@ 311 .2 @
1.9 1472 14 .897 62.3 17 1691 47.3 575 127 1ea.e@ 599 .2 S7S
2.8 1630 14 .59 &7.8 31 1987 S55.7 8&1 133 1@06.¢a 1192 .2 118%
2.1 1798 14 .835 72.4 40 3776 62.9 1402 149 16@.08 2325 .1 2382
2.2 1973 14 .826 76.4 119 7411 &8.9 2307 147 100,08 4884 .1 48768
2.3 2158 14 .e11 79.8 244 14¥v7@ 73.8 3718 1S3 1ea.ee 18234 .1 18218
2.4 2348 14 .8068 B2.4 S12 31828 77.9 4853 140 100.00 21885 .1 21827
2.5 2548 14 .003 8%5.0 1693 654687 81.3 12204 167 108.00 47449 .1 4732%1



S=2@< F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES PROGRAM UPFREEZSY --
MANVILLE WAUKEGAN, TILL PLANT WASTE PILE
XXxXX%X YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS

12-18-173848
EXXX%¥

OBJECTS HAVE (X - A) = 08.36 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.345

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI1=TCT [(FT] -- FINE-GRAINED SQIL
UNFROZEN DRY DENS.=180 PCF, WATER CONT.= 20.3% (8@ SAT) Ku=a,¢&1
FROZEN DRY DENS. = 86 FCF, WATER CONT.= 37.7% C/L=.087&8 L=4124 KF=1.13

H3M = ORJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAUVING:

UNFROZEN DRY DENS.=1@06 PCF, WATER CONT.= 26.3X (8@: SaT KU=8,31
FROZEN DRY DENS., = 88 PCF MWATER CONT.= 37.7) C/L=.0807& L=4124 KF=1.18

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 20, ?8% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.18, A4

LAMBDAXSARIN-FACTOR] = .48 (AUVG) .B@ (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S aND +
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=08.00

94 - 254 ERROR IN KF“S

FPY = AVUG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERICD

UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H2
CORRECT UP.YRS FOR DIFFERENCE IN DELTA‘S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 0.36 FT

uTr

FOR HI=TCT: UP.YR3 I3 AN ESTIMATE (+ OR - CW{ OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPZ.UF
R188 = EST’ED RELIABILITY (PROBABILITY)> UF.YRS EXCEEDS ta@ YEARS

o COVER THERMAL PROPERTIES IN H3 (R1.3=1 WST FILE
FT™° F-DEGXDAYS PROB. = =—=——==ee-- YEARS ~—--=-———o FPROE . YEARS FT YEAPS
Hi TCAVGLCV/L FRAVGKCVY, FPY UP.YRS CV% LBOND ABD R1@@ DELTA H3M DEL
1.8 533 14 .981 4.8 1 196 1.1 194 147 166.60 39 .3 g
1.1 645 14 ,789 13.46 1 244 3.0 237 183 10e.@0 5S¢ .2 o8
1.2 747 14 .448 22.3 2 318 4.7 29¢& 200 1ea.oa e .2 8¢
1.3 Y006 14 .482 21.8 2 438 12.6 383 217 1ev.é0 152 .2 151
1.4 1844 14 .336 41.3 4 453 21.6 916 233 1@00.60 278 .2 7
1.5 1199 14 .2208 Ga.1 é 1866 31.1 734 250 1006.00 546 .2 sS4z
1.6 1364 14 ,135 58.8 11 1884 41.6 11@8 2&7 16e.80 1691 .1 1a%@
1.7 1540 14 .879 ¢4.8 22 3561 S1.5 1727 283 10a.0a 2262 .1 2253
1.8 1724 14 .844 70.5 45 7146 48.1 2849 3@@ 1e@.00 4989 .1 4879
1.9 1923 14 .824 75.4 ?8 15138 67.4 4936 317 lea.aa 11876 .1 11a44
2.0 2131 14 .012 79.4 221 3354S 73.3 8958 333 100.00 25749 .1 25&94
2.1 2356 14 .8066 82.6 S15 77133 78.08 146946 350 160.880 61427 .1 61275
2.2 2579 14 .83 85.4 122¢% 182425 £1.8 23218 347 100.008 149558 .1 149237
2.3 2818 14 .@081 87.4 2991 442448 B84.8 47084 383 lee.ee 378111 .1 346¥y323
2.4 30649 14 .001 89.5 7482 1891392 87.3 /4138845 400 1ee.8e 927752 .1 92579
é
2.5 3332 14 .000 91.8 18555 2729492 89.3 4293319 417 100.80 2348248 .1 234298
8



S=204 F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-19834
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX%¥¥%X YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXX%¥x

OBJECTS HAVE (X - A) = 0.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = &75 MEAN = 930 SD.LN=,345

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 2@.34 (g@éx SAT) KU=@.81
FROZEN DRY DENS. = 88 PCF, WATER CONT.= 37.7% C/L=.8@74& L=4124 KF=1.18&

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN: .

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=180 PCF, WATER CONT.= 20.34 (864 SAT) Ku=4,81
FROZEN DRY DENS. = 8@ PCF WATER CONT.= 37.7X C L=.0876 L=4124 KF=1.18
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 2074, P57 OF Max L
wEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.20,

LAMBDAXSARIN-FACTOR] = .48 (AVG) .08 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF‘S aND + 8X - 254 ERROR IN KF’S
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, Ri.3=0.08

FPY = AVG YEARS TO FIRET FROST PENETRATION TO DEPTH H1 AND RETURN PERIQD
UP.YRS = ESTIMATED YEARS FOR QRJECT UPFREEZING FROM H1 (FOR H1 PROPS IN HZ) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN COBJECT IN H23.
CONSERATIVE FOR ALL OBJECTS HAUVING (X-A) ¢ @.3@ FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW4 OF YEARS TO UPFREEZE THRU COVER
LBOND 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = AROND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
Riee = EST'ED RELIARBILITY (PROBABILITY) UP.YRE EXCEEDS 1é@ YEARS

COVER THERMAL PROPERTIES IN H3 (R1.2=1) WST“PILE
Fi~ F-DEGXDAYS PROEB. W —==—————- YEARS ~=-—-—m——- PROB . YEARS FT YEAFRS
H1 TCAVGKC\ FPAVGLCVXA FPY UP.¥YRS QW4 LBOND ABD R1G@ DELTA H3M DELTA
1. 533 14 .981 6.8 1 8 1.1 ?? 83 2.60 19 .3 19
1.1 445 14 .78% 13.6 1 122 3.0 118 92 1e6.ae0 27 .2 2%
1.2 767 14 .é4@ 22.3 2 159 6.7 148 1606 160.0@ 4% .2 45
1.3 60 14 .45z 31.8 2 219 12.6 11 1868 16@,.6a 76 .2 -}
1.4 1844 14 .33s6 41.3 4 327 21.8 258 117 1ee.ad 13v .2 132
1.9 1199 14 .226 5a.1 é S3z2 31.1 347 125 106.68 2732 .2 271
1.6 1384 14 ,135 58.6@ 11 P42 41.6 SS%@ 133 106.00 S4é .1 S45
1.7 1346 14 .87% 4.8 22 1788 51.5 844 142 1v@.p@e 1121 .1 112%
1.8 1726 14 .@44 70.% 45 3573 60.1 1424 1S5S0 1ew.ead 2455 .1 24549
1.9 1923 14 .024 75.4 ?8 7588 47.4 246% 158 1@0.aa 5835 .! SSZ3
2.8 2131 14 .012 79.4 221 16773 73.3 4479 167 lve.eo 12874 .1 12847
2.1 2358 14 .8@¢é 82.4 S1s 3IRSsS 78.8 8473 175 140.04 38713 .1 30447
2.2 2579 14 .@ae63 85.4 1229 91313 81.8 14409 182 100.ea 724779 .1 74419
2.3 2818 14 .@081 87.¢ 2991 221238 84.8 33543 192 166.60 185858 .1 184441t
2.4 30849 14 ,861 £9.S5 7462 S4549& 87.3 49433 200 1068.60 46387¢& .1 442872
2.5 3232 14 .00@8 91.8 18555 1364844 89.3 X 145459 208 188.00 1174424 .1 11717
8

v



§=20/ F=8.,30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-198&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX%XX YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMIMARY RESULTS XX¥%xx¥

OBJECTS HAVE (X - A) = 0.38 FT (EFFECTIVE PARTICLE SI12E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 87S MEAN = 935 35D.LN=.,32s%

H1i = DEPTH OF COVER ABOVE QBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SCIL
UNFROZEN DRY DENS.=1008 PCF, WATER CONT.= 28,34 (86X SAT) Ku=@.81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7%4 C/L=.087& L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARRTING IN: -

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 20.3X (8&X SAT) KUu=08.21
FROZEN DRY DENS. = 88 PCF WATER CONT.= 37.74 C/L=.@678 L=4124 KF=1.1%&

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 28, P OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.36, oo

LAMBDAXSQRIN-FACTOR] = .48 (AVG) .08 (SD)
ESTIMATES USE MOD. BERGGREN EGU. W/ KERSTEN KF‘S AND + 6% - 254 ERROR IN KF’S
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1.3=0.080

FPY = AVUG YEARS TO FIRST FROST PENETRATION TO DEFTH H1 AND RETURN FERICD
UP.YRS = ESTIMARTED YEARS FOR OBJECT UPFREEZING FROM Hl (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN ORJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-&) < 6.38 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV4) OF YEARS TO UPFREEZE THRU COUVER
LBOND i STANDARD DEVIATION LOWER BOUND (LB>,
ABD = ABOND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTCOR AND EPS.UF
R16eé = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 1@@ YEARS

. COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST“PILE
F. F-DEGXDAYS PROB, = = ==-===--- YEARS ~=--e—m——— PROB .7 YEARS FT YEARS
H1I TCAVGKOVY FPAVGKCVA FPY UP.YRS CViA LBOND ABD R1G@ DELTA H3M DEL
1.0 5§33 14 .981 4.8 1 65 1.1 65 56 .00 13 .3 ‘E!
1.1 4645 14 .78% 13.6 1 81 3.8 7?61 0.04a 19 .2 1¥
1.2 767 14 .848B 22.3 2 166 6.7 $? &7 ?79.57 38 .2 3e
1.3 980 14 .482 31.8 2 - 146 12.6 128 72 99.37 St .2 Se
1.4 1044 14 .336 41.3 4 218 21.60 172 78 99.41 ?3 .2 ?2
1.5 1199 14 .220 56.1 é 355 31.1 245 83 ¢99.65 182 .2 181
1.6 1344 14 ,135 5¢&.¢0 i1 628 41.6 347 87 99.78 344 .1 343
1.7 1S4@ 14 .079 &4.8 22 1187 S1.5 S7& 94 99.92 754 .1 753
1.8 1726 14 .844 76.5 43 2382 é0.1 P50 1806 l9o.060 1636 .1 1633
1.9 1923 14 .024 75.4 s8 5845 &7.4 1445 164 100.60 670 .1 422
2.0 2131 14 .812 79.4 221 11182 73.3 2984 111 i(6e.09 85&3 .1 8545
2.1 23506 14 .0808 82.46 515 25711 78.06 S5é49 117 10@.60 2847s& .1 284322
2.2 237% 14 .083 85.4 1229 6e87S 81.8 11073 122 16a.0@ 49853 .1 4974¢&
2.3 2818 14 .@0a1 87.46 2991 147487 84.8 22342 128 100.8€8 1233786 .1 123183
2.4 3849 14 ,801 89.5 74082 363797 87.3 44288 133 160.606 389251 .1 308599
2.5 3336 14 .0006 91.6 18555 P898%97 89.3 97773 13% 188.88 782949 .1 781327



S=z8). F=@.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1%3&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXX¥¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXXXX¥

OBJECTS HAVE (X - A) = 08.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI>: LOGNORMAL W/ MEDIAN = &75 MEAN = 9328 SD.LN=,324S5

Hi = DEPTH OF COVER ABOVE OBRJECT, STARTING AT HI=TCT {FT1 -- FINE-GRAINED EDIL
UNFROZEN DRY DENS.=18@ PCF, WATER CONT.= 28.3% (88X SATY KU=ua,81
FROZEN DRY DENS. = 88 PCF, WATER CONT.= 37.74 CrL=.08087& L=4124 KF=1.18

H3M = OEBJECT LENGTH FOR MAX UFFREEZE, STARTING IN:

HZ = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=18@& PCF, WATER CONT.= 28.3 (86X SAT) Ki=0,31
FROZEN DRY DENS. = 8@ PCF WATER CONT.= 37.74 C/L=.887& L=41z4 KF=1.,1%&
BO™ COVER AND WASTE PILE USE HEAVE STRAIN, S = 2za@X, 954 OF MAX L
SNEAVE FRACTION NOT RECOUVERED ON THAWING, F = @.4a,

LAMBDA%¥SQRIN-FACTOR] = .48 (AVUG) .88 (5D
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + 0¥ - 259 ERROR IN KF-
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0.080

[

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEPTH HY AND RETURN FERIQD
UP.YRS = ESTIMATED YEARS FOR COBJECT UPFREEZING FROM Hi (FOR H! PROFS IN HZ) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA-Z WHEW OBJECT IN HZ,.
CONSERATIVE FOR ALL OBJECTS HAVING (X-/) ( @.3@ FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) COF YEARS TO UPFREEZE THRU COVER
LEBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = AROND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.,UF
R1866 = EST ED RELIABILITY (PROBAEILITY)> UP.YRS EXCEEDS 1&& YERRS

o COVER THERMAL PROPERTIES IN H3 (R1.3=D WET"PILE
FT7~ F-DEGXDAYS PROB. ~———=———- YEARS -—----————~ PROB. ¥ YEARS FT YEARS
Hi _ TCAVG&CVL FPAVGACUX FPY UP.YRS CVUX LBOND ABD R1i@e@ DELTA H3M DELTA
1.0 933 14 P81 6.8 1 49 1.1 48 42 @e.08 1e .2 1@
1.1 445 14 ,78% 13.4 1 61 3.0 59 44 e.a0 14 .2 14
1.2 767 14 .64@ Z2.3 p 7% 6.7 74 S@ 6.e1 22 .2 2z
1.3 @88 14 .482 31.8 2 116 12.6 P& 5S4 75.54 38 .2 38
1.4 1844 14 .336 41.3 4 163 21.0 129 S8 9&.89 78 .2 &%
1.5 1199 14 .2208 S0.1 & 2686 31.1 184 &3 98.4¢ 136 .2 135
1.6 1344 14 .135 SB.4@ 11 471 41,46 278 &7 9%.62 273 .1 272
1.7 1548 14 .079 &4.8 22 898 S51.5 432 71 99.44 545 .1 544
1.8 1726 14 .844 76.5 45 1787 s6.1 712 75 99.72 1227 .1 12235
1.9 1923 14 .824 75.4 98 3784 7.4 1234 79 ¢99.88 2767 .1 2782
2.6 2131 14 .812 79.4 221 8386 73.3 2239 83 99.95 6437 .1 4423
2.1 2350 14 .086 82.4 S15 19283 78.8 4237 8&8 99.98 15357 .1 1583224
2.2 2579 14 .e83 8S.4 1229 45658 81.8 8365 92 1e8.00 373%8 .1 37287
2.3 2818 14 .0061 87.6 2991 118615 84.8 16772 94 106.060 92523 .1 92331
2.4 384% 14 .801 89.5 74082 272848 87.3 34714 180 100.00 231938 .1 23144%
2.5 3330 14 .80@ 91.8 13555 682423 89.3 73332 184 1006.8@ 587212 .1 S3%577%S



S=20% F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1986&
} MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXXX%X YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XX¥XXx¥

CBJECTS HAVE (X - A) = 8.38 FT (EFFECTIVE PARTICLE SIZ2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,345

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 26.3X (88X SAT Kil=@& .31
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.867é L=4124 KF=1.,18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=1806 PCF, WATER CONT.= 28.3% (8084 SaT) Ku=8.,21

) FROZEN DRY DENS. = 88 PCF MWATER CONT.= 37.74% C/L=.8@7é L=4124 KF=1,12
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 20, 9S4 OF Max L

HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.5a@, e’

LAMBDAXSARIN-FACTOR] = .48 (RAVG) .08 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 8¥ - 254 ERRCOR IN KF-’S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FPY = AVUG YEARS TO FIRST FROST PEMETRATION TO DEPTH Hi AND RETURN PERIGD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 0.30 FT
FOR HI1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R18B8 = ESTED RELIABILITY (PROB&ABILITY) UP.YRS EXCEEDS @@ YEARS

- COVER THERMAL PROPERTIES IN H3 (R1.3=1) WSTPILE
Fr F-DEG¥DAYS PROB., -====—==-- YEARS —----eee—- PROB . YEARS FT YEARE
H1 TCAVG&C\V” FPAVGALCVZA FPY ° UP.YRS CVZ LBOND ABD R108@ DELTA H3M DEL

1.0 533 14 .91 6.8 1 3P 1.1 39 33 é.00 8 .3 g
1.1 445 14 .78% 13.6 1 49 3.@ 47 37 @.e0 12 .2 12
1.2 767 14 .648 22.3 2 64 6.7 o9 4@ g.60 18 .2 1&
1.3 68 14 .482 31.8 2 88 12.¢6 77 43 13.29 - 38 .2 38
1.4 1844 14 ,336 41.3 4 131 21.8 183 47 86.96 Sé .2 S3S
1.5 1199 14 .228 S5a.1 é 213 31.1 147 S8 96.28 169 .2 188
1.6 1344 14 .135 Sk.@ 11 377 41.6 2286 53 ¢98.04 218 .1 218
1.7 1546 14 .@79 44.8 22 712 S1.5 345 57 98.¢90 452 .1 452
1.8 1726 14 .844 70.5 45 1429 &6.1 S78 66 99.43 ?82 .1 P8
1.9 1923 14 .824 75.4 ?8 3ez7 &7.4 P87 63 99.73 2214 .1 2za%
2.6 2131 14 .812 79.4 221 6787 73.3 1792 &7 99.88 515 .1 o139
2.1 23506 14 .@@s 82.6 315 15427 78.8 333 78 99.95 12285 .1 1225%
2.2 2579 14 .e83 85.4 1229 34525 81.8 6644 73 99.98 29912 .1 29347
2.3 2818 14 .61 87.4 2991 884%2 &84.8 13417 77 99.99 74022 .1 73265
2,4 30869 14 .801 89.5 74a2 218278 &87.3 27773 8@ 1e@e.ee@ (855%a .1 185159
2.5 333e¢ 14 .e@@ 91,8 18S5S%S5 545738 89.3 S8484 83 100.88 449778 .1 448794



s=3e% F=86.18

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-198é
MANVILLE WAUKEGAN, TLL PLANT WASTE PILE
XX¥XXX YEARS TO UPFREEZE OBJECTS THRU COVER -- FRELIMINARY RESULTS XXxxXxX%

OBJECTS HAVE (X - A) = 8.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,345

H1 = DEPTH OF COVER ABOVE ORJECT, STARTING AT HI=TCT [FT] -- FINE-GRAIMED SQIL
UNFRQOZEN DRY DENS.=18@ PCF, WATER CONT.= 26.3) (88¥% SAT KU=g,a!
FROZEN DRY DENS. = 78 PCF, WATER CONT.= 47.7x C/L=.8848 L=45%& KF=1.,23

H3M = OBJECT LENGTH FOR MaxX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SQIL--HAVING:

UNFROZEN DRY DENS.=18@ PCF, WATER CONT.= 28.3X (8@X SAT) KU=@.81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.94 C/L=.8648 L=45%@8 KF=1.23
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 36¥, 95% OF Max L
TAVE FRACTION NOT RECOVERED ON THAWING, F = 6.1a,
“TAMBDAXSARIN-FACTOR] = .48 (AUG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + 081 - 254 ERROR IN KF- &
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=@.00

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEFPTH H1 AND RETURN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H! (FOR H! PROPS IN HE BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAUVING (X-A) < ©0.3@ FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\WW0 OF YEARS TO UPFREEZE THRU COVER
LEBOND 1 STANDARD DEVIATION LOWER BOUND (LB)Y,
ABD = AROND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R188 = EST'ED RELIABILITY (PROBABILITY> UP.YRES EXCEEDZ 1@@ YEARS

3529 14 .00@ 92.8 36798 3657845 90.S 4348534 254 100.08 3492534 .1 348345

3
.4 3843 14 .800 93.2 184778 10412348 2.1 ¥B828244 247 108.00 /18014450 .1 9991
@

o COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST“PILE
F.. F-DEGXDAYS PROB. =  ——=—=-——w- YEARS —-=---e=-- PROB.X YEARS FT YEARS
H1 TCAUGLCVY FPAUVGLCUX FPY UP.YRS CUVX LBOND ABD Rie@ DELTA H3M DELTA
1. 647 14 .7463 15.2 1 162 3.8 156 111 1e@e.a@ 45 .2 44
1.1 887 14 .S591 25.2 2 225 8.7 265 122 186.00 7? .2 73
1.2 ?461 14 .417 35.9 3 33% 16.7 282 133 1ee6.00 158 .2 149
1.3 1128 14 .29 44.2 S S&5 27.1 412 144 1@6.00 381 .1 3aa
1.4 13@8 14 ,14@ 55.5 ? 1829 3.5 632 156 1ee.eo 627 .1 625
1.5 15061 14 .08% &3.4 19 2844 49,7 1829 147 100.06 1424 .1 14@0
1.6 1788 14 ,847 7a.0 42 4413 59.6 1785 178 100.060 3285 .1 3327
1.7 1928 14 .,823 75.5 100 18236 &7.7 3384 189 1ea.ea 8z1a .t gzes
1.8 2162 14 .,811 79.9 249 25144 74,2 &48% 200 100.060 21506 .1 2144&
1.9 2468 14 .eaS 83.4 645 64576 79.2 13412 211 1@6.06 §73446 .1 S7192
2.8 2669 14 .86z 84.3 1726 171518 83.1 28914 222 106.6@ 154558 .1 15413¢@
2.1 2942 14 .@801 B&.é6 4496 447378 84.2 64501 233 10@8.88 435194 .1 434841
2.2 3229 14 .060 96.0 13856 1298283 88.6 4147882 244 186.00 1224571 .1 122339
é

2

1

2

S

2

.3 4170 14 .0880 94.2 2008494 29852500 93.3 “1797194 278 18@.00 42&34323%e@ .1 vze



S=38% F=8.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-198&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXXX¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXXxx¥

OBJECTS HAVE (X - A) = 06.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 9325 SD.LN=,345
H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GR&INED SOIL
UNFROZEN DRY DENS.=108@ PCF, WATER CONT.= 20.23% (86X SAT) ki=#@,81
FROZEN DRY DENS. = 78 PCF, WATER CONT.= 47.9% C/L=.@@&48 (=457@ KF=1.23
H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL--HAVING:
UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 20,37 (8aY SaT) KU=@.8&1
- FROZEN DRY DENS. = 78 PCF WATER CONT.= 47.%/% C/L=.,0888 L=45%& KF=1,23
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 38X, YT OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = @.20, '

LAMBDAXSARIN-FACTOR] = .48 (AVG) .08 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @X - 25 ERROR IN KF’S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.08

FPY = AUVG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H2.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8.3@ FT
FOR HI1=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\W) OF YEARS TO UPFREEZE THRU COUER
LBOND 1 STANDARD DEVIATION LOWER BOQUWD LB,
A~ABD = ABOND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTCOR AMND EPS.UF
Ri16@ = ESTED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 188 YE&RS

t COVER THERMAL PROPERTIES IN H3 (R1.3=D WSTPILE
Fv- F-DEGXDAYS PROB., -=—-—-=---- YEARS ~-—----—-- PROB.% YEARS FT YEARS
H1 TCAUGMKCVY FPAVG&CUVX FPY UP.YRS C\V, LBOND AED R1@9 DELTA HEM  DEL
1.0 647 14 762 15.2 i 81 3.8 78 56 @.a0 22 .2 g
1.1 8087 14 .591 25.2 2 112 8.7 162 &1 8%.42 3? .2 379
1.2 9461 14 .417 35.9 3 178 16.7 141 &7 99.32 7?5 .2 7S
1.3 1128 14 .269 46.2 S 282 27.1 2086 72 99.44 158 .1 158
1.4 1308 14 .1806 5%5.5 14 514 38.5 316 78 9¥.5S 313 .1 313
1.5 1581 14 .88%9 &3.4 19 1822 4%9.7 514 83 99.75 762 .1 ’ea
1.6 1768 14 .047 70.@ 42 2287 S59.¢6 gyz2 8% ¢9v.98 1688 .1 1663
1.7 1928 14 .823 75.5 109 S118 &7.7 1452 94 ¢99.98 4155 .1 4144
1.8 21462 14 .011 79.9 249 12572 74.2 324T 106 166.e6a 16753 .1 16724
1.9 24068 14 .08S 83.4 445 32285 79.2 &76s 184 166,00 28572 .1 285%4
2.0 2669 14 .862 84.3 1726 8575% 83.1 14457 111 108.00 78275 .1 78845
2.1 2942 14 .04 88.6 4496 233495 84.2 3225w (17 186@.00 217597 .1 217828
2.2 3229 14 .e@8 $0.5 13854 649141 88.6 73%¥41 122 166.80 &13295 .1 <&11498
2.3 352% 14 .880 92.8 36793 1828922 90.5 4173247 128 106.80 1744247 .1 174182
S

2.4 3843 14 .800 93.2 184776 5204178 92.1 7413122 133 100,86 S083229 .1 499577
S

2.5 417a@ 14 .800Q 94.2 388498 14924250 93.3 /998597 139 180.08 X%14431738 .1 %143
p7850 )



S=364 F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-17938
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXXX¥ YEARS TO UPFREEZE OBRJECTS THRU COVER —-- PRELIMINARY RESULTS XxxxXX

OBJECTS HAVE (X - A) = 8.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI>: LOGNORMAL W/ MEDIAN = 873 MEAN = 935 SD.LN=,345

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FTJ] -- FINE-GRAINED SCIL
UNFROZEN DRY DENS.=1006 PCF, WATER CONT.= 28.31 (88X SAT KU=@a.&1
FROZEN DRY DENS. = 78 PCF, WATER CONT .= 47.9% C/L=.80648 L=4T5%8 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN: .

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=1008 PCF, WATER CONT.= 28.3X (88X SAT) Ku=@a .81
FROZEN DRY DENS. = 786 PCF WATER CONT.= 47.94 C/L=.8848 L=4%%8 KF=1.23
BOTH COUER AND WASTE PILE USE HEAVE STRAIN, S = 3@¥%, 95 OF MAX L
EAVE FRACTION NOT RECOVERED ON THAWING, F = 8.36,

LAMBDAXSAQRIN-FACTOR] = .48 (AVG) .06 (sD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + 8¥ - 254 ERROR IN KF-S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=@.00

FPY = AUVG YEARS TO FIRST FROST PENETRATION TQ DEFPTH Ht aAND RETURN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR H! PROFPS IN HZ) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN HZ.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ @.3@¢ FT
FOR Hi=TCT: UP.YRS 1S AN ESTIMATE (+ OR ~ CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND 1 STANDARD DEVIATION LOWER BOUND (LB),
AED = ABOND AEBSOLUTE LB FOR HEAWE STRAIN, UNRECOWER FACTOR AND EPS.UF
Rie@ = EST'ED RELIABILITY (PROBABILITY) UF.YRS EXCEEDS 1@@ YEARS

o COVER THERMAL FROPERTIES IN H3 (R1.3=1 WET’FILE
F+~ F-DEGXDAYS PROB. = = ~—==-—we- YEARS ——-——-———- PROB.X YEARS FT YEARSE
H*  TCAVGLCVY FPAVGLCVY, FPY UP.YRS CV  LBOND AEBD R10@ DELTA H3M DELTA
1~ 647 14 ,743 15.2 1 5S4 3.8 s2 37 @.00 15 .2 15
1.1 ga? 14 .5%1 25.2 2 7S 8.7 68 41 g.01 26 .2 28
1.2 9?61 14 ,417 35.9 3 113 16.7 4 44 75,59 Se .2 Sa
1.3 1128 14 .269 44.2 S 188 27.1 137 48 946.11 ieg .1 iea
1.4 1368 14 ,168 S5.95 4 343 38.S5 211 S2 ¥98.4S 265 .1 28s
1.5 15@1 14 .88% &3.4 19 481 49.7 343 5¢& 98.8% 448 .1 447
1.6 1708 14 .047 7a.0 42 1471 S§%.6 595 59 9%.44 1112 .1 110%
1.7 1928 14 ,823 75.%5 1@ 3412 &7.7 1181 &3 99.76 27276 .1 2763
1.8 2162 14 .@811 79.9 24% 8381 74.2 21862 67 99.%90 718% .1 714%
1.9 24068 14 .0@5 83.4 645 21523 ?79.2 4471 78 99.96 19115 .1 19044
2.0 2669 14 .8862 B86.3 1720 57173 83.1 9432 74 ¢99.99 sz218z .1 SZEqz
2.1 2942 14 ,Qut &2.4 4498 155797 846.2 2156@ 7& 188.808 145045 .1 144430
2.2 3229 14 .8060 %$9.5 13856 432741 88.6 49294 81 168.88 488844 .1 4@77%¥
2.3 3529 14 .6@8 92.8 34798 1219282 90.5 %115511 85 106.80 1164175 .1 11812
7

2.4 3843 14 .008 93.2 184776 34708781 92.1 4275415 89 180.80 33383Z0 .1 333aS
7

2.3 4170 14 .808 94,2 3804986 9950832 93.3 %&85721 93 100.80 9621285 .1 PS8R
S

1

-

w



THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UFPFREEZSY -- 12~12-1938
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXXXX YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS Xx¥%x¥

OBJECTS HAVE (X - A) = ©8.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI>: LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,3&5

H1 = DEPTH OF COVER ABOVE QBJECT, STARTING AT HI=TCT [(FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DOENS.=108 PCF, WATER CONT.= 28.3% (8@ SAT) KU=a,31
FROZEN DRY DENS. = 78 PCF, WATER CONT.= 47,94 C/L=.@8848 L=4%7a KF=1,23

H3M = OBJECT LENGTH FOR MaAX UPFREEZE, STARTING IN: .

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=188 FPCF, WATER CONT.= 28.3% (88X SAT KU=8,31
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.94 C/L=.8868 L=4578 KF=1.23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 3@X, PS4 OF MaxX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = @8.44, ‘oo’

LAMBDAXSARIN-FACTOR] = .48 (AVG) .@8@ (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @)X - 251 ERROR IN KF‘S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=06.00

FPY = AVUG YEARS TO FIRST FROST PENETRATION TQ DEPTH H1 AND RETURN FERI1OD
UF.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA“S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 0.3@ FT
FOR H1=TCT: UFP.YRS IS AN ESTIMATE (+ OR - CUX) OF YEARS TO UPFREEZE THRU COUVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABRD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R168 = ESTED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 1@ YEARS

- COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST PILE
F't.. F-DEGXDAYE PROB. =  -==--===- YEARS -—---eee—- PROE.% YEARS FT YEARS
H1 TCAVGKCYL FPAVGSCYN FPY UP.YRS CV/ LBOND ABD Rie@ DELTA HZM DEL”
1.0 667 14 .7463 15.2 1 41 3.8 39 28 e.ao 11 .2 e d
1.1 ga7 14 .S%1 25.2 2 56 8.7 1 31 e.e@ 286 .2 28
1.2 961 14 .417 35.9 3 85 168.7 71 33 14.12 38 .2 37
1.3 1128 14 .249 44.2 S 141 27.1 183 38 86.19? 75 .1 73
1.4 1368 14 ,.ié@ 55.5 9 257 38.5 158 39 9T5.48 157 .1 15&
1.5 1561 14 .889% &3.4 19 511 49.7 257 42 97.88 351 .1 35a
1.6 1788 14 .847 78.0 42 1183 59.46 446 44 98,96 834 .1 83z
1.7 1928 14 .823 75.5 160 2559 67.7 8246 47 99.53 2078 .1 2072
1.8 2142 14 .@011 79.9 249 62846 74.2 1622 S8 99.81 9376 .1 S382
1.9 24068 14 .885S 83.4 645 16143 79.2 3253 53 99.93 14237 .1 14273
2.0 2669 14 .882 86.3 17260 42888 83.1 72228 GSé& 99.97 39138 .1 3982z
2.1 2942 14 .8@1 88.6 4896 116848 88.2 16125 S8 9%.99 108798 .1 1@8351sa
2.2 322% 14 .000 96.S5 13056 324571 88.6 36771 &1 166.88 386648 .1 2BSE49
2.3 3529 14 .8e@ 2.8 34778 9144461 908.5 B&&34 44 (@g@.0@ 873133 .1 87091X
2.4 3843 14 ,0800 $3.2 1847748 2603088 92.1 L2865&61 &7 188.08 2504115 .1 24978&8
8
2.5 4178 14 .0060 94.2 3088494 74463125 9R.3 /499298 4% 108.80 7215784 .1 71?852
6



S=30+ F=0.50@

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1984
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX%X%¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXXXXX

OBJECTS HAVE (X - A) = ©8.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 93T SD.LN=.34%5

H1 = DEPTH OF COUER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GR~INED SQIL
UNFROZEN DRY DENS.=180 PCF, WATER CONT.= 26.3x (88X SAT) KU=@,81
FROZEN DRY DENS. = 7@ PCF, WATER CONT.= 47.9Y C/L=.0048 L=4578 KF=1.23

H3M = OBJECT LENGTH FOR MaAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=10@ PCF, WATER CONT.= Zz@B.3¥ (8@% SAT) Ku=e.81
FROZEN DRY DENS. = 708 PCF WATER CONT.= 47.91 C/L=.6888 L=4%y¢ KF=1.23
BCT4 COVER AND WASTE PILE USE HEAVE STRAIN, S = 38X, 954 OF MAX L
“~AEAVE FRACTION NOT RECOVERED ON THAWING, F = 06.54,

LAMBDAXSQRIN-FACTOR] = .48 (AVG) .88 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @X - 254 ERROR IN KF’S
CORRELATION COEFFICIENT BETWEEN KIi1.F AND K3.F, R1.3=@.060

FPY = AUVUG YERRS TOQ FIRST FROST PENETRATION TO DEPTH Hi AND RETURN FERIOD
UP.YRE = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR H1 PROPS IN HZ) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 08.3@ FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\%)> O0OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = AEBOND = ABSCOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R10@ = EST'ED RELIAEBILITY (PROBABILITY) UP.YRS EXCEEDS 1aé YEARS

. COVER THERMAL PROPERTIES IN HZ (R1.3=1 WET PILE
Fi F-DEGXDAYS PROB. W  ———==—=—- YEARS —————————— PROE. % YEARS FT YEARS
H TCAVGACWY, FPAVGRCVA FPY UF.YRS C\%  LBOND AED R1e0 DELTA H3M DELTA
10 467 14 763 15.2 1 3z 3.8 31 22 6.ea ? .2 @
1.1 867 14 .5%1 25.2 2 45 8.7 41 24 0.08 16 .2 1&
1.2 461 14 .417 35.9 3 68 16.7 57 27 8.22 3@ .2 3a
1.3 1128 14 2469 46.2 S 113 27.1 82 29 66.62 68 .1 -3
1.4 1388 14 .18 S5.5 9 2046 38.5 126 31 92.14 125 .1 125
1.5 15a1 14 .08% 62.4 19 487 4%.7 206 33 96.7@ 281 .1 25@
1.6 1788 14 .47 7¢.60 42 8&3 59.4 357 36 98&.44 6&7 .1 &&S
1.7 1928 14 ,023 75.5 iea 2047 &7. 641 38 99.3@ 1642 .1 1458
1.8 2162 14 .011 79.9 249 Sez2y 74.2 1298 48 99.71 4381 .1 4294
1.9 2488 14 .885 83.4 645 12914 79.2 24682 42 99.89 11449 .1 11432
2.8 2889 14 .882 84.3 172a 34384 83.1 S783 44 99.%94 31318 .1 31224
2.1 2942 14 ,8061 88.6 4696 £3478 86.2 12%9e@ 47 99.98 87037 .1 Qe
2,2 3229 14 .66 96.S5S 138S¢s 259457 88.4 29577 47 99.99 245318 .1 244479
2.3 352% 14 .88 92.6 34798 731569 96.5 69387 51 100.808 6980507 .1 &P&730
2.4 3843 14 .000 93.2 104778 2082448 92.1 416524% S3 106.00 2003272 .1 1998X
8

2.5 417e 14 .@ee 94.2 300494 5978500 93.3 4397439 S& 186.00 5772771 .1 S?5Eg
1

—

r



S=40 F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1984
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXXX¥ YEARS TO UPFREEZE OBJECTS THRU COVER =-- PRELIMINARY RESULTS ¥¥xxxx

OBJECTS HAVE (X - A) = 0.32 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,345

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT1 -- FINE-GR&AINED 30IL
UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 20.3% (gaX saAT) KU=a,81
FROZEN DRY DENS. = &0 PCF, WATER CONT.= &1.6% C/L=.0842 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SQIL--HAVING:

UNFROZEN DRY DENS.=1688 PCF, WATER CONT.= 28.3% (86% SAT) Ku=u.8a1
FROZEN DRY DENS. = 68 PCF WATER CONT.= 61.6X C/L=.06062 L=S0S7 KF=1,3@

BOTH CQUER aND WASTE PILE USE HEAVE STRAIN, S = 48, P94 OF MaAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = @a.1@, L

LAMBDAXSQRIN-FACTOR] = .48 (AVG) .86 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + 8 - 251 ERROR IN KF‘S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3,.F, R1.3=8.0a

FPY = AVUG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURMN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROFS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 0.3a@ FT
FOR HiI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOR HEAUVE STRAIN, UNRECOVEFR FACTOR AND EPS.UF
R1ee = EST-ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 1@a@ YEARS

- COVER THERMAL PROPERTIES IN H3 (R1.3=1) W3TPILE
b F-DEGXDAYS PROB. = —==—=—=——me YEARS —=———————o PROB.Y YEARS FT  YEARS
H1 TCAVGACUYZ FPAVGLCVYZ  FPY  UP.YRS CU% LBOND AED R100 DELTA H3M DE!
1.6 883 14 .S97 24.8 2 163 9.8 143 82 199.00 &5 .2 et
1.1 971 14 .4848 36.6 3 241 17.9 214 92 99.99 138 .1 120
1.2 1156 14 .248 47.8 5 441 29.3 324 106 100.00 271 .1 27
1.3 1356 14 .138 57.7 11 907 41.8 S23 103 100.00 T 421 .1 619
1.4 1573 14 .871 65.9 25 1991 53.6 924 117 100.00 1548 .1 1542
1.5 1808 14 .034 72.6 62 4817 &43.7 1749 125 jee.ea 4186 .1 4093
1.4 2055 14 .016 78.0 164 12403 71.7 3573 133 160.00 11467 .1 11436
1.7 2319 14 .907 82.2 459 34992 77.7 7?7793 142 1@e.e¢ 33211 .1 233203
1.8 2666 14 .863 85.6 1332 181511 82.3 179%3& 156 100.88 99725 .1  $54@4
1.9 2897 14 .8@1 88.2 3937 304694 85.8 43875 1S2 100.00 3085441 .1 304443
2.0 3210 14 .06@ $8.3 12218 932545 82.5 4184958 147 180.0@8 951442 .1 94848
4

2.1 3539 14 .e@e 92.8 38659 2968250 9@.& 4272578 175 100.00 3000027 .1 277237
4

2.2 3884 14 .000 93.4 120001 9177257 92.3 %708815 183 100.08 9537904 .1 950948
7

2.3 4246 14 .0800 94.4 381516 29186100 93.6 1872131 192 100.80 %3047973a .1 %38
3919080

2.4 4623 14 .000 95.3 1219190 &7473468 94.4 X38@&713 200 100,80 445494798 .3 ¥
46631218

2.5 Sa@lé 14 .000 946.8 /3904834 1183870088 94.9 XS5983238 203 100.08 £LS4732500 .3
755294486



S=484 F=6@6.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1734
MANUTLLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXXX¥ YEARS TO UFFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XxxXXx¥

OBJECTS HAVE (X - A) = @8.3@0 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOFP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 873 MEAN = 93T ED.LN=,3¢

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FIMNE-GRAINED SOIL
UNFROZEN DRY DENS.=188 PCF, WATER CONT.= 28.34 (8&X SAT) Fli=g .81
FROZEN DRY DENS. = 6@ PCF, WATER CONT.= &1.6% C/L=.0842 L=5@E57 KF=1,Zza

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAUVING:

UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 20,31 (88X SAT) Kli=@ .21
FROZEN DRY DENS. = 68 PCF WATER CONT.= 61.6) Cr/L=.8862 L=5SGES7 KF=1,3@

BOTH COVER AND WASTE .PILE USE HEAVE STRAIN, S = 48X, P54 OF Max L

AVE FRACTION NOT RECOVERED ON THAWING, F = 0.28,

\EAMBDAkoQP[N -FACTQOR] = .48 (AVG) .80 (QD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @)X - 284 ERROR IN KF-Z
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1.3=0.6@

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H! (FOR Hi PROPS IN H3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN HZ.
CONSERATIVE FOR ALL OBJECTS HAUVING (X-&) ¢ @.3@ FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\%0) OF YEARS TO UFFREEZE THRU COVER
LBOND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
Ri106@ = EST ED RELIABILITY (PROBABILITY)> UP.YRS EXCEEDS 1é@ YEARS

" COVER THERMAL PROPERTIES IN H2 (R1.3=1 WST-PILE
Fv— F-DEGXDAYS PROB. =  —-——===—==- YEARE -————--mee- PROR . YEARS FT YEARS
H1 TCAUVG&CVZ FPAUGLCVX FPY UP.YRS CVUXA LEBOND ABD R1B6 DELTA HEM DELTA
l.»>— 883 14 .597 24.8 2 g2 9.8 74 4z @.57 32 .2 32
1 971 14 .484 35.6 3 138 17.9 187 4& 26.4& 65 .1 &5

1156 14 .248 47.8 S 231 29.3 163 Se 97.72 13%
13%6 14 .138 57.7 11 454 41.¢& 2644 54 98.643 311
1573 14 .@71 &5.9 25 995 53.¢ 442 S& 99.24 773
186s 14 ,034 72.6 62 2488 43.7 874 &3 99.47 2e353
285% 14 .@16 78.¢9 164 é3@2 71.7 1786 67 9¥.8% S734
231? 14 .@@7 82.2 4c% 17496 727.7 3877 71 99.96 16454
24680 14 ,8063 85.¢6 1332 56755 82.2 8948 7S 99.99 49843
2897 14 ,901 88,2 3989 1528047 8%.82 21537 7% 1e@.@a@ 152721
3210 14 .@e0 Y0.3 12218 4466273 88.5 53479 82 18e8.0@ 475721

s
210
771

284¢

5715

16462

45762
152234
474242
3539 14 .0@0 92.8 38057 1454145 98.$ %126299 ©8 100.80 1528614 .1 149543

A s Pt ek et s Bt a b

[xv]

2 4246 14 .@e0 94.4 381514 14593850 93.4 4P3s866S 94 100.00 415239370 .1 1151
y50

.4 4423 14 ,000 935.3 X1219198 33834498 94.4 1903356 16@ 100.00 22247408 .3 ¥
3156180

S Sel1é 14 .0980 96.0 X3904834 S9193510 94.9 42971617 184 106,06 (27486250 .3
&

1

1

1

1

i

1

i

1

2

2

7

2.2 3884 14 ,000 93.4 1200881 4588s82% 92.3 %354467 92 100.8080 4768752 .1 475434
4

2

9

2

2

2.
274473880



S=4@ F=8.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY =-- 12-18-19834
MANUILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX¥XX YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXxXX¥X

OBJECTS HAVE (X - A) = 0.306 FT (EFFECTIVE PARTICLE SIZ2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 873 MEAN = 935 SD.ILN=.3s5

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=1@8 PCF, WATER CONT.= 28.3X (8@ SAT) KuU=8.81
FROZEN DRY DENS. = &@ PCF, WATER CONT.= &1.6% C/L=.8042 L=5857 KF=1.2@a

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=1@8@ PCF, WATER CONT.= 2@.3% (8&X SAT Ku=@ .21

- FROZEN DRY DENS. = &8 PCF WATER CONT.= &41.8% C/L=.0042 L=5685 KF=1.38
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 48X, 954 OF MAX L

HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.2@, o’

LAMBDAXSARIN-FACTOR] = .48 (AVG) .88 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @¥ - 251 ERROR IN KF‘S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1,3=8.00

FPY = AVUG YEARS TO FIRST FROST PENETRATION TQ DEPTH HI AND RETURN FERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H! PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA‘S WHEN ORJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0.Z3@ FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1| STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABROND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTQR AND EFS.UF
Ried = ESTED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 180 YEARS

; COVER THERMAL PROPERTIES IN H3 (R1.3=1) WSTPILE
Fv- F-DEGX¥DAYS PROB.,  —~===—=-=-- YEARS —--=—ce--- PROE . YEARS FT YEARS
H1 TCAVG&CVY FPAWGLCU FPY UP.YRS CVZ LBOND AEBD Rio@ DELTA H3M DEL”
1.0 8e2 14 .S597 24.8 2 sS4 ¢.@ 49 28 a.00 22 .2 rd
1.1 ?71 14 .404 38.6 3 87 17.9 71 31 26.87 42 .1 43
1.2 1156 14 .248 47.8 S 154 29.3 18 33 88.73 fe8 .1 144

1.3 1358 14 .138 57.7 11 362 41.8 176 3& 946.24 287 .1 2848

1.4 1573 14 .871 &5.9 25 644 53.6 368 3% ¢8.23 S15 .1 S1i4

1.5 18@& 14 .834 7Z2.6 62 1686 63.7 533 42 99.21 138% .1 1344

1.6 206%% 14 .016 78.0 164 42861 71.7 1191 44 99.4% g2z .1 2e1a

1.7 23219 14 .87 82.2 457 11644 ?77.7 2573 47 99.8% 11teq .1 1lass

1.8 2468 14 .863 85,6 1332 33837 82.3 S¢79 S@ 99.96 33242 .1 22135

1.9 2897 14 .001 88.2 3789 181345 85.8 14388 53 99.99 161814 .1 161489

2.6 3210 14 .gee %8.3 12218 310684& 88.5 35853 OS& 106.00 217154 .1 316141

2.1 3539 14 .eaa 92.8 38857 ?4¥43@ P@.6 98857 58 106.606 1008610 .1 9P875R

2.2 3884 14 .e0e 93.4 1208@1 305Y08& 92.3 X236272 61 100.08 3177382 .1 314784
9

2.3 4244 14 .e@@ 94.4 2321518 9728708 93.6 4424044 &4 100.080 £101S793@ .1 iai
30430

2.4 4423 14 .000 95.3 41219190 2255786¢ 94.4 £1268984 &7 10@.08 415493248 .3 %
15543748 ,

2.5 5014 14 .800 96.8 %3704034 39442358 94.9 X1974413 &9 100.00 418310338 .2 °
1843153

PRy



s=40 F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1984
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX%¥% YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXX¥XX

OBJECTS HAVE (X - A) = @.38 FT (EFFECTIVE PARTICLE SIZ2E, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 873 MEAN = ¥35 SD.LN=,345

H1 = DEPTH OF COUVER ABOVE OBJECT, STARTING AT HI=TCT [FT]l -- FINE-GRAINED SCOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 28.324 (86X SAT) Kl=@,81
FROZEN DRY DENS. = &8 PCF, WATER CONT.= &41.6&4 C/L=.8042 L=50S7 KF=1.3@

H3M = OBJECT LENGTH FQOR MAX UPFREEZE, STARTING IN: .

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=188 PCF, WATER CONT.= 20.3%Z (8@ SaAT) Ku=@a,&l
FROZEN DRY DENS. = &@ PCF WATER CONT.= 61.64 C/L=.0042 L=SaS? KF=1.2#
BOTY COVER AND WASTE PILE USE HEAVE STRAIN, & 48, P OF MAX L

EAVE FRACTION NOT RECOVERED ON THAWING, F = 06.48,
LAMBDAXSARIN-FACTOR]Y = .48 (AVG) .88 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + @) - 254 ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0.00

FPY = AVUG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP.YRES = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROPS IN H3» BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAUVING (X-A) ¢ ©6.30 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) 0OF YEARS TO UPFREEZE THRU COUVER
LBOND 1 STANDARD DEVIATION LOWER BOUND (LB,
~BD = ABOND ABSOLUTE LB FOR HEAVE STRAIN, UNRECQUER FACTOR AND EFS.UF
R16@ = ESTED RELIARILITY (PROBAEBILITY) UP.YRS EXCEEDS 1@# YEARS

—

; COVER THERMAL PROPERTIES IN H3 (R1.3=1 WST-"PILE
Fr-~ F-DEG¥DAYS PROB, =  ——-—--m—- YEARS == PRORB.Z YEARS FT YEARE
H1 TCAVGLCVL FPAVGKCVN FPY UF.YRS CV4 LEBOND ARD R1B@ DELTA H3ZM DELTA
1.5~ 8e3 14 ,597 24.8 2 41 9.9 37 21 .08 16 .2 1&
1.1 9?71 14 .488 36.6 3 65 17.9 54 23 8.14 32 .1 33
1.2 1158 14 .248 47.8 S 115 29.3 8z 25 67.79 68 .1 &7
1.3 1356 14 ,138 57.7 11 227 41.8 132 27 92.39 158 .1 158
1.4 1573 14 ,@871 &5.¢% 25 498 S53.46 231 29 97.83 387 .1 338
1.5 1886 14 .834 72.6 &2 1284 &2.7 427 31 98.73 1826 .1 1023
1.6 2055 14 ,016 78,8 164 3151 71.7 892 33 99.49 2847 .1 2858
1.7 2319 14 .8@7 82.2 459 8748 77.7 1948 35 ¢99.81 8328 .1 83a1
1.8 2408 14 .803 85.46 1332 25378 &2.3 4484 38 99.94 24731 .1 24e51
1.9 2897 14 .@81 88.2 3987 745823 85,8 1874y 48 99.98 76388 .1 78117
2.6 3216 14 .66 $8.3 12218 233136 88.5 24748 42z 99.99 237865 .1 237121
2.1 353% 14 .e@¢8 ¥2.8 38as? 727873 9a.& &814% 44 1@0@.e8e 75@e@av .1 747719
2.2 3884 14 .0086 93.4 120061 2294315 92.3 £177204 44 100.80 2384474 .1 22774@
2
2.3 4244 14 .800 94.4 381518 7294524 93.& 7448033 48 1088.80 7619944 .1 759797
S
2.4 4423 14 .0080 95.3 412191908 146918350 94.4 /95147& S8 180.80 /11622706 .3 ¥1

14578040
2,5 T016 14 ,00808 96.0 /39848349 29594748 94.9 1495818 52 180.@0@ 13733120 .3 ¥
13823454



S=4a, F=a@,S0

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1934
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXX%¥%X YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS %x¥xxx

OBJECTS HAVE (X - A) = 8.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING aT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI>: LOGNORMAL W/ MEDIAN = 8735 MEAN = 935 SD.LN=.,3485

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GR&IMED S0OIL
UNFROZEN DRY DENS.=i@@8 PCF, WATER CONT.= 28.3% (88X 3AaT KU=@,21
FROZEN DRY DENS. = &8 PCF, WATER CONT.= &1.6% C/L=.6842 L(=S8S7 KF=1.,3@

H3M = GBJECT LENGTH FOR MAX UPFREEZE, STARTING IN: .

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=18@ PCF, WATER CONT.= 28.3% (8@ SaT Kl=@a.21
FROZEN DRY DENS. = 68 PCF WATER CONT.= 61.4&x Cr/L=.0862 =5837 KF=1,30

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, 5 = 4@ PS4 0OF MaxX L
HEAVE FRACTION NOT RECOUERED ON THAWING, F = @. o
LAMBDAXSARIN-FACTOR] = .48 (AVGY .80 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @4 - 254 ERROR IN KF'S

CORRELATION COEFFICIENT BETWEEN KI1.F AND KX.F, R1.3=06.04@

FPY = AUG YEARS TO FIRST FROST FPENETRATION TO DEPTH Hi aND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H1 FROFPS It H2) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN HZ.
CONSERATIVE FOR ALL OEBJECTS HAVING (X-A) ( 8.32¢ FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVA OF YEARS TC UPFREEZE THRU COVEFR
LBOND 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND ABSOLUTE LB FOR HEAUVE STRAIN, UNRECOVER FACTOR AND EPS.UF
Ri1e8@ = EST’ED RELIABILITY (PROBABILITY)> UP.YRS EXCEEDS 1e@ YEARS

P COVER THERMAL PROPERTIES IN H3 (R1.3=1 WET"PILE
F'.. F-DEGXDAYS PROB., =  =—==——-=—- YEARS ——--m—ee FROE.% YEARS FT YEARS
Hi TCAVG&LCVY FPAVGLCWA FPY UP.YRS QU4 LBOND AED R1@@ DELTA HZM DEL™
1.0 803 14 .S97 24.8 2 3z 9.0 38 17 é.60 13 .2
1.1 ?71 14 .486 36.6 3 52 17.9 4z I8 8.00 26 .1 28
1.2 1156 14 .248 47.8 S 92 29.3 65 20 38.%92 S4 .1 =49
1.3 135% 14 .138 57.7 11 181 41.8 16é 22 87.41 124 .1 124
1.4 1573 14 .87 &5.9 25 398 53.6 185 23 95.646 3a? .1 3ag
1.5 1888 14 .834 72.6 62 963 &3.7 356 25 98.23 821 .1 &1y
1.6 2055 14 .016 78.8 144 2521 71.7 7215 7 99.36 2293 .1 2284
1.7 2219 14 .8@7 82.2 4S7? 6998 77.7 1559 28 99.74 8642 .1 &841
1.8 2400 14 .003 85.6 1332 20362 82.3 3587 38 99.%1 19945 .1 19zl
1.9 2897 14 .ol 8B&.2 3989 60819 85.8 8415 32 99.97 é1eags .1 48374
2.8 3218 14 .e0@ %8.3 12218 18658% 88.5 213%2 33 99.99 198292 .1 187677
2.1 3539 14 .eed 92.8 38@57 S81658 9@8.6 54514 3T 108.08 s06a6s .1 S¥8175
2.2 3884 14 ,000 $3.4 120608081 1835482 92.3 L141763 37 180.00 1907351 .1 178192
i
2.3 4246 14 .088 94.4 381516 5837228 93.6 4374428 38 180.08 4095957 .1 487333
%)

2.4 4623 14 ,000 95.3 /1219190 13534480 94.4 /761343 48 100.88 ?zy8753 .3 932¢&
242

2.5 5816 14 .08008 94.2 /390460834 23477410 94.9 41196448 42 100.00 10934580 .3 4
11858%20



S=%¢A F=@.1@

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXX%X¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XX¥XXX

OBJECTS HAVE (X — A) = 8.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 930 SD.LN=.24S

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAINED SQIL
UNFROZEN DRY DENS.=180 PCF, WATER CONT.= 2@.3% (8} SAT) KU=@.81
FROZEN DRY DENS. = 5@ PCF, WATER CONT.= 8@.74 C/L=.8657 L=58523 KF=1.42

H3M = QOBJECT LENGTH FOR MaX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 2@.3% (88X SAT) Kii=a,81
FROZEN DRY DENS. = 58 PCF WATER CONT.= 80.74 C/L=.@657 =5522 KF=1.42
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = Sei, P94 0OF MaX L
IEAVE FRACTION NOT RECOVERED ON THAWING, F = @.1@,

LAMEDAXSARIN-FACTOR]I = .48 (AVG) .@8 (sSD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF“S AND + @Y - 25X ERROR IN KF’S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=8.00

FPY = AUG YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
UP.YRS = ESTIMATED YEARE FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROFPS IN HZ) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN QBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < @.38 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE {(+ OR - C\) OF YEARS TO URPFREEZE THRU CCOVER
LEOND 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AMD EPZ.UF
Rige = EST'ED RELIAEILITY (PROBAEILITY) UP.YRS EXCEEDS 1@@é YEARS

e COVER THERMAL PROFPERTIES IN HZ (R1.3=1) WST“FILE
F... F-DEGxXDmYES PROB., W -——-—--—--- YEARS ~—ve--e~—- PROE . YEARS FT YEARS
H TCAUGLCVY FPAVGACUVY FPY UP.YRS CWS. LBOND ABD R1iaa DELTA HaM DELTA
1> 925 14 .454 33.5 2 181 18.5 183 &7 99.81 92 .1 7z
1.1 1119 14 .275 45.7 S 32& 27.2 237 73 %99.48 19 .1 177
1.2 1332 14 .14% 5&.6 10 664 40.5 395 88 97.49 473 .1 478
1.3 15483 14 .873 &5.6 24 1538 53.4 717 87 99.88 1271 .1 12487
1.4 1813 14 .833 72.8 é4 APPS 4.2 1431 93 99.97 3841 .1 2628
1.5 2031 14 .814 78.5 182 11235 72.5 3115 18p 1éw.ee 1183% .1 1a79%
1.6 2368 14 .866 Bz.9 552 34327 78.8 7293 1@7 laeae.e@ 34745 .1 34314
1.7 2672 14 .862 84.3 1747 168934 £3.4 18164 113 10@.@0@ 114271 .1 112247
1.8 2997 14 .@el 8%.6 S714 S74324 84.2 47021 128 10p.@@ 2IB2Z7ZY .1 31223
1.9 3339 14 .866 91.1 1913& 12080842 &7.5 4124443 127 1a@.04 1304 355 .1 12974
a
2.8 3499 14 .800 $2.7 &5285 4108974 ?1.5 347153 133 1808.080 4494177 .1 44208
1
2.1 4879 14 .0680 94.8 224869 14158148 93.1 X¥B3748 146G 180.80 £1S5s121%@ .1 X1&
65750
2.2 4476 14 ,000 95.0 78070& 402722300 4.1 422368216 147 180.88 38411186 .3 3
718626
2.2 48%3 14 .8080 95.8 42723543 8809417@ 94.8 44179648 153 100.00 442031548 .3
4332781a

2.4 5327 14 .860@ 93.5 /5168647 132641106 94.7 47676755 14@ 10@.0@ &2062248 .
V62935129

2.3 35788 14 .80@ 82.1 /5491672 1976055608 92.4 %15649498 147 186 .00 888684740

3 /6868666470

£
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-1%8&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXX%X%X%¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXXXX¥

OBJECTS HAVE (X - A) = ©8.308 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W~/ MEDIAN = 875 MEAN = 935 3D.LN=.3&5

H1 = DEPTH OF COVER ABOVE QORJECT, STARTING AT HI=TCT [FT) -- FINE-GR&INED SOIL
UNFROZEN DRY DENS.=10@ PCF, WATER CONT.= 2@8.3% (8@ SAT) Ku=@.81
FROZEN DRY DENS. = 508 PCF, WATER CONT.= 8@0.7% Cr/L=.8657 L=5522 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 28.3% (30} sAaT KU=8.81

- FROZEN DRY DENS. = 3506 PCF WATER CONT.= 8@.7) Cr/L=.0857 L=5522 KF=1.42
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 564, ¢S OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8.20, A

LAMBDAXSARIN-FACTOR] = .48 (AVG) .88 (SD
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @4 - 259¢ ERROR IN KF-’S
CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1.3=8.,60

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROFS IN H3) EBUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA’S WHEN OBJECT IN H2.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < @.208 FT
FOR Hi{=TCT: UP.YRS IS AN ESTIMATE (+ OR - C\") OF YEARS TO UPFREEZE THRU COVER
LEOND = 1 STANDARD DEVIATION LOWER BOUND (LBY,
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR &aND EPS.UF
Rige = EST'ED RELIABILITY (FROBAREILITY) UP.YRS EXCEEDS {@@ YEARS

. COVER THERMAL PROPERTIES IN H3 (R1.3=1) WSTFILE
Fi~ F-DEGXDAYS PROB. ~=———==—=- YEARS —=--==-meem PROB.¥ YEARS FT YEARS
H1 TCAVGACVYZ FPAUGACVX FPY UP,.YRS C\WW. LBOND ABD RiGE8 DELTA HIM DELW_,
1.0 925 14 .4%54 33.5 2 1 15.95 77 33 25.4% 44 .1 44
1.1 1119 14 .27% 4%5.7 S 163 27.2 119 37 ¢92.4% ?7 .1 8
1.2 1332 14 .149 S6.6 10 332 40.5 197 48 97.22 239 .1 238
1.3 1583 14 ,873 &5.6 24 769 53.4 359 43 98.45 436 .1 433
1.4 1213 14 .,833 72.8 é4 1997 64.2 716 47 99.43 1821 .1t 1814
1.5 2681 14 .814 78.5 182 Se87 72.5 1557 S8 97.79 5519 .1 S477
1.6 2368 14 ,806 82.9 S52 17163 78.8 3647 S5S3 99.93 17472 .1 17467
1.7 2673 14 ,0882 84.3 1747 54447 83.4 9852 S7 99.9@ S713% .1 S&5724
1.8 2997 14 .08t 89.¢ 5714 178717 86.8 23518 &8 99.99 191365 .1 (P8&4&
1.9 3339 14 .808 91.1 19136 480421 89.5 63221 63 1wv@.a8 &5S2843 ,1 84272
2.9 3699 14 ,60@ 92.7 65205 2850487 91.5 1i74577 67 180,86 2248689 .1 2Z4030@
i
2.1 4079 14 .068 94.0 224889 7079069 9$3.1 4491884 79 168.88 7869874 .1 778zg7
4
2.2 4474 14 .000 95.0 7809484 281346408 94.1 41184185 73 1988.88 £183855F¢ .3 ¥i8
359316

2.3 4893 14 .000 95.8 42723543 4060847676 94.8 £Lz@89834 77 100.6@ 421515780 .3 ¥
21648508

2.4 5327 14 .000 93.5 %5164669 66320530 94.7 £3539478 80 100.60 421031120 ,3 ¥
314480468

2.5 S578@ 14 ,800 82.1 /5491672 98562758 92.4 47524843 83 10@@.,@@ YLI3333=30
33333336

.,
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES PROGRAM UPFREEZSY -- 12-18-198%
MANUVILLE WAUKEGAN, ILL PLANT WASTE PILE

XX¥XX¥X YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXX¥XXX

—=—
-

OBJECTS HAVE (X - A) 8.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNEESES = TCT

THERMAL LOAD FREEZE INDEX (FI)>: LOGNORMAL W/ MEDIAN = 875 MEAN = 930 &D.LN=

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] -- FINE-GRAIMED SCOIL
UNFROZEN DRY DENS.=100 PCF, WaTER CONT.= 2@.34 (88X 3SAT) FU-@ &1
FROZEN DRY DENS. = S@& PCF, WATER CONT.= 8@.7X C/L=.8857 L=G%22 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:
UNFRCOZEN DRY DENS.=10@ PCF, WATER CONT.= 208.3x (808X SAT) Ku=@g.&1
FROZEN DRY DENS, = 5@ PCF WATER COMT.= 86.7% C/L=.0657 L=5323 KF=1.42

BOTH COVER AND WASTE.PILE USE HEAVE STRAIN, S = 30X, ¥S4 OF MAX L

-AVE FRACTION NOT RECOVERED ON THAWING, F = @.3e,

LAMEBDAXSGRIN-FACTOR] =
ESTIMATES USE MOD. BERGGREN EQU.

.48 (AVGY .88 (SDO

W/ KERSTEN KF’S AND + s ERROR IN KF’S

ex - 2

CORRELATION COEFFICIENT BETWEEN Ki1.F AND K3.F, R1.3=0.00

FPY
UP.YRS

FOR HI=TCT:

AVG YEARS TO FIRST FROST PENETRATIOM TO DEPTH HiI AND
ESTIMATED YEARS FOR OBJECT UPFREEZING
CORRECT UP.YRS FOR DIFFEREMNCE IN DELTA’S WHEN CBJECT IN HZ.
CONSERATIVE FOR ALL OBJECTS HAVING
UP.YRS IS AN ESTIMATE (+ OR - CWO

(X-A) ¢ 8.

26 FT

RETURMN PERICD
FROM Hi (FOR H! PROPS

IN H2 BUT

OF YEARS TO UFFREEZE THRU COVER

LBOND = {1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECQOUVER FACTOR AND ERS.UF
Fr188 = EST'ED RELIARBILITY (PROBABILITY) UP.YRS EXCEEDES 188 YEaR:Z
COVER THERMAL PROPERTIES IN H2 (R1.Z=D WST“PILE

F~ F-DEGX¥DAYS PROR,  —=wmeeee- YEARS —me——————— PROB.X YEARS FT YEARS
H!  TCAUVGAKCWY. FPAVGLCVX FPY UP.YRS CV LBOND AED Rioea DELTA HZM DELTA
1.0 925 14 ,.454 33.S5 2 68 15.5 S1 22 e.00 31 .1 31
1.1 1119 14 .275 45.7 S 16y 27.2 79 24 é1.73 &6 .1 L&
1.2 1332 14 .149 S6.6 10 221 4.5 132 27 92.58 159 .1 157
1.3 1563 14 .873 65.6 24 S13 53.4 23 29 97.17 424 .1 422
1.4 1212 14 ,833 72.8 é4 1332 64.2 477 31 98.85 1214 .1 128%
1.5 2831 14 .,814 78.5 182 3778 72.5 1838 33 99.S58 3438 .1 3684
1.6 2368 14 ,0866 82.9 SS52 11442 7&8.8 2431 36 99.8¢ 11642 .1 11885
1.7 2873 14 .@02 864.3 1747 38311 83.4 6835 38 99.95 3Quva .1 37?74y
1.8 2957 14 .86 89.0 S714 119145 84.8 15674 44 99.99 12757& .1 127111
1.9 333% 14 .004 %91.1 19136 466281 89.5 42148 42 180.88 434&%5 1 433147
2.8 3699 14 .000 92.7 &S205 1366991 91.5 /114384 44 186.0@8 1472372s& .1 149353
4
2.1 487% 14 .,8886 94.8 22488% 4719386 $3.1 X327¥23 47 108,00 S26s0S1 ,1 512853
3
2.2 4474 14 .886 95.0 7809048 13424270 94,1 /789483 49 100.88 12283738 .3 4122
39548
2.3 4893 14 .0800 95.8 V2723543 24478060 94.8 41393222 51 1060.80 414243858 .3 ¥
14445948
2.4 SZ27 14 .8808 93.5 /L5168469 44213498 94.7 42359652 53 1606.086 20687416 .3 :
28978710
2.5 ©780 14 ,00@ 82.1 /S491672 458485108 92.4 %S016543 56 1@@.0@ «22zzzzze .3 °
222222264 .



S=50x F=a.46

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- 12-18-198&
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
¥XXXXX YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS ¥xxxX¥

OBJECTS HAVE (X - A) = 8.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNEZS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,36&5

H!1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [(FT1 -- FINE-GRA&INED SOIL
UNFROZEN DRY DENS.=1006 PCF, WATER CONT.= 20.3% (88X SAT) Ku=g.,31
FROZEN DRY DENS. = 5@ PCF, WATER CONT.= 80.7% C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 26.3% (88X SAT) Ku=@ .81
FROZEN DRY DENS. = S0 PCF WATER CONT.= &8.7% C/L=,0057 L=5S23 KF=1.4Z2

BOTH COVER AND WASTE PILE USE HERVE STRAIN, S = 58%, 984 OF MAX L
HEAVE FRACTION NOT RECOMERED ON THAWING, F = 6.486, v’
LAMBDAXSAGRIN-FACTOR] = .48 (AVG) .88 (S

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF‘S AND + 0¥ - 254 ERROR IN KF’S

CORRELATION CQEFFICIENT BETWEEN KI1.F AND K3.F, R1.3=0.06

FPY = AUVG YEARS TO FIRST FROST PENETRATION TO DEFTH H1 AND RETURN PERIQD
UF.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1I PROPS IN H3 BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA“S WHEN OBJECT IN HZ.
CONSERARTIVE FOR ALL OBJECTS HAVING (X-A) ¢ @.36 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOUR HEAVE STRAIN, UNRECQOVER FACTOR AND EFS.UF
R1e8 = EST/ED RELIABILITY (PROBAERILITY)> UP.YRS EXCEEDS t#@ YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1 WET FILE
F. F-DEGXDAYS FPROB. -—=~—ce---- YEARS ----=-——e—- PROB.%X YEARS FT YEARS
H1 TCAVGACU FPAVGECUVA FPY UP.YRS CU%  LBOND ABD RiG@ DELTA HEM DEL
1.0 25 14 .454 33.5 2 45 15.9 38 17 8.09 23 .1 ?5
1.1 1119 14 .275 45.7 S 82 27.2 5% 18 26.3w 47 .1 47
1.2 1332 14 .149 546.6 1@ 166 48.5 99 280 84.94 119 .1t 119
1.3 1583 14 .073 65.6 24 38% S53.4 179 22 ¢95.4@ 318 .1 317
1.4 1813 14 .@33 72.8 é4 P9y 44.2 358 2% 98.25 f106 .1 yar
1.5 2081 14 .@14 78.5 182 2834 72.5 779 25 99.36 2746 .1 2754
1.8 2348 14 .e8s 82.9 Stz 8582 7&8.8 1823 27 99.78 873& .1 g7a4
1.7 2873 14 .082 84.3 1747 27234 82.4 4528 28 99.93 28588 .1 28442
1.8 2997 14 .¢661 89.90 5714 89359 86.8 11755 30 9%.98 5482 .1 bAICIEX
1.9 3339 14 .00 91.1 19136 388216 89.5 31411 32 99.99 328621 .1 3I24240
2.8 3699 14 .ee@ 92.7 65za% 1625244 91.5 872&8 23 106.86 1124045 .1 112@6156
2.1 4879 14 .000 94.8 2248069 3539835 93.1 4245742 35 160.8@ 3904533 .1 337143
7
2.2 4476 14 .0@0 95.@ 780704 10042200 $£4.1 X592@52 37 1008.80 P1S27I5 .2 917945
S

2.3 4873 14 .80@ 95.8 /27235432 2@082354@ 94.8 41044717 38 160.80 16757378 .3 ¥
168344560

2.4 05327 14 .08@ 93.0 /5166669 33140278 94.7 Z1749739 40 108.8@ 15515540 .,
15734030 ‘

2.5 5782 14 .,888 B2.1 /5491472 49251398 92.4 43762422 42 1806.0@ 414686470 .3 ¥,
168666478 .

w
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UFFREEZSY -- 12-18-1988
MaNVILLE WAUKEGAN, ILL PLANT WASTE PILE
XXXXX¥ YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS XXx¥xx

OBJECTS HAVE (X - A) = 08.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 87T MERN = 935 SD.LN=,34S

Hi = DEPTH OF CQOVER ABOVE QBJECT, STARTING AT HI=TCT (FT] -- FINE-GRAINED SCIL
UNFROZEN DRY DENS.=108 PCF, WATER CONT.= 28.3% (&@)x SAT) KU=@, &1
FROZEN DRY DENS, = 5@ PCF, WATER CONT.= 80.7% C/L=.,00%7 L=0T022 KF=1.,42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN: -

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=180 PCF, WATER CONT.= 2&8.3% (gakx S~/T) Ku=@,&1
FROZEN DRY DENS. = 5@ PCF WATER CONT.= g@.74 Cs/L=.8857 L=58023 KF=1.4z2z
BOT " COVER AND WASTE PILE USE HEAVE STRAIN, S = SeX, 9o OF M L
~cAME FRACTION NOT RECOVERED ON THAWING, F = @8.58@,
LAMBDAXSARIN-FACTOR] = .48 (AVG) .08 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF’S AND + @i - 25 ERROR IN KF-S
CORRELATION COEFFICIENT BETWEEN K!.F AND K3.F, R{.3=@.0a0

FPY = AVUG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AMD RETURN PERICD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FRQOM H1 (FOR Hi PROFPS IN H3Z BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTAS WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HARUING (X-q> ¢ 9.30 FT
FOR HI1=TCT: UP.¥YRS IS aN ESTIMATE (+ OR - CVA) OF YERRS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LEBEY,
ABD = ABOND = ABSCOLUTE LB FOR HEAVE STRAIN, UNRECOUVER FACTOR &ND EFS.UF
R166 = EST’ED RELIABILITY (PROBABILITY)> UP.YRS EXCEEDS 18@ YEARS

COVER THERMAL FPROPERTIES IN H3 (R1.3=1) WST"FILE
FT - F-DEG¥DAYS PROEB.,  ———-m~—=-- YEARS —~—=-—————- PROEB . YEARS FT YEAFRS
H1 TCAUGALCLS, FPAUVGACWY, FPY UP.YRS C\% LBOND ABD Ri@Q DELTA H3M DELTaA
1. 925 14 .4%4 33.5 2 36 15.5 2 13 6.00 g .1 1g
1.1 1119 14 .275 45.7 S &5 27.2 47 1S 2.51 48 .1 3%
1.2 1332 14 .14% 58.46 16 132 46.5 7y 1& 73.9% P& .1 =]
1.3 1542 14 .,873 65.6 24 388 53.4 143 17 ¢3.3¢a 254 .1 253
1.4 1813 14 .9832 72.8 64 799 &4.2 2848 19 97.481 728 .1 728
1.5 2e81 14 .814 78.5 182 22847 72.5 423 286 99.14 2282 .1 z22aa
1.6 2348 14 .00848 82.9 5852 4865 78.8 1459 21 ¢99.71 892 .1 EPED
1.7 2673 14 .02 84.3 1747 21787 83.4 3621 23 97.91 22824 .1 22749
1.8 2997 14 .0e1 89.0 5714 71487 8.8 94064 24 99.97 76544 .1 742647
1.9 3339 14 .voa ?1.1 19136 240148 8%.5 25289 25 99.9% 268317 .1 25?2323
2.8 3699 14 .800 92.7 645265 8268195 91.5 498321 27 1008.88 &9%23¢ .1 898128
2.1 4679 14 ,000 94.8 224887 2831423 93.1 “194754 28 160,088 3122431 ,1 31134
@
2.2 4476 14 ,880 95.0 78@90& 8054541 94.1 4473442 29 180.8@8 7322238 .3 724372
4
2.3 48%3 14 .,00@ 995.8 V2723542 14018840 94.8 4835734 31 100.86 8408312 .3 8&s
S62
2.4 5327 14 .000 93.5 XS51&4447 24528220 94.7 41415771 32 t1e@.ed 1124124%a .3 ¥
12587228
2.5 5788 14 ,068 82.1 %S471472 39401119 92.4 430097538 33 100.860 X 13333338 .2 «
13333236

UPFREEZS RUN COMPLETE



